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CHAPTER 1
INTRODUCTION

This chapter describes the purpose and scope of this handbook, introduces the concept of
air vehicle qualification, and provides an overview of qualification methods.

1-1 PURPOSE

The purpose of this handbook is two-
fold. First, it isintended to serve as atuto-
rial for persons unfamiliar with the airwor-
thiness qualification process. Thisincludes
Government and contractor personnel who
are involved in development of requirements
or members of the design team who are not
directly involved in the qualification proc-
ess. In this context the handbook provides
an overview of the airworthiness process for
developing requirements. It describes air
vehicle and typical system requirementsas a
guide for airworthiness qualification. Sec-
ond, it isintended to serve as areference
guide for those involved in preparing airwor-
thiness qualification documentation. This
includes persons who are responsible for
generating and reviewing documentation
that establishes the airworthiness of systems
and subsystems. Requirements for and ex-
amples of airworthiness documentation are
covered in the Appendices to this handbook.

1-2 SCOPE

This handbook addresses the airwor-
thiness qualification of air vehicles and re-
lated systems. The air vehicle and systems
to which an airworthiness qualification pro-
gram is applicable might be completely new
or might be the result of major modification
of aprevioudy qualified system. This
handbook is for guidance only. It cannot be
cited asarequirement. If it is, the contractor
does not have to comply. It isnot intended
to provide mandatory or regulatory require-
ments that must be achieved during the
course of aprogram. Such requirements
will be included in the specific contractual

requirements for the program. Excluded
from the discussions of this handbook are
tests normally conducted after completion of
airworthiness qualification testing, such as
force development test and experimentation
(FDTE) tests that are intended to provide
insight into the type of force structure best
suited to the operation of the air vehicle.

1-3 DEFINITIONS OF ROTORCRAFT
AND AIRCRAFT

1-3.1 ROTORCRAFT

A rotorcraft is defined as a heavier-
than-air air vehicle that depends principally
for its support in flight on the lift generated
by one or more rotors and may include static
lifting surfaces contributing less than half
therequired lift. Anairworthy rotorcraftisa
rotorcraft whose capability to function satis-
factorily when used within prescribed limits
has been demonstrated.

1-3.2 AIRCRAFT

An aircraft is defined as a powered
(heavier-than-air) air vehicle whose princi-
pal lifting surfaces are statically positioned,
i.e., fixed-wing airplane. Similarly, an air-
worthy aircraft is one whose capability to
function satisfactorily within prescribed
[imits has been demonstrated.

" Note: Reconfigurable air vehicles, e.g., tilt rotor
and tilt wing air vehicles, have unique features that
are not specifically covered in this handbook except
for areference to a vertical takeoff and landing
(VTOL) air vehicle specification, but they may be
qualified by combining rotorcraft and aircraft qual -
fications and defining unique qualification requir e-
ments to demonstrate satisfactory operation of their
transient and unique features.



1-4 INTENDED AUDIENCE

This handbook is intended for both
Government and contractor audiences. For
Government design team personnel this
handbook provides an overview of the phi-
losophy of airworthiness qualification and a
source of detailed references upon which to
base contractual airworthiness qualification
program requirements. For contractor de-
sign team personnel this handbook provides
aguide to responding to requests for pro-
posals (RFPs) and to implementing and exe-
cuting airworthiness qualification programs.

1-5 AIRVEHICLE QUALIFICATION

The paragraphs that follow provide a
description of the purpose, scope, and tech-
niques of air vehicle airworthiness qualifi-
cation.

1-5.1 PURPOSE

The main purpose of air vehicle
qualification isto ensure that the product
meets its intended requirements. Airworthi-
ness qualification, specification compliance
verification, military qualification, first arti-
clevalidation, flight safety parts qualifica
tion, and structural integrity verification are
all processes leading to qualification of sys-
tems, subsystems, and components. All of
these processes include test methods and
techniques used to ensure continued validity
of the qualification results in expected envi-
ronments. Each has a different focus, but al
lead to the ultimate goal of qualification.
Although treated separately in the following
subparagraphs, these activities are often in-
terrelated and overlap during the conduct of
air vehicle qualification programs. The pur-
pose of each is discussed in the subpara-
graphs that follow.
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1-5.1.1 Airworthiness Qualification

Airworthiness qualification is de-
fined as an analysis, design, test, and docu-
mentation process used to determine that an
item—air vehicle system, subsystem, or
component—is airworthy. The primary
purpose of airworthiness qualification isto
demonstrate that the air vehicle has the ca-
pability to function satisfactorily and safely
when used within prescribed limits. In ad-
dition, airworthiness qualification is re-
quired to ensure that a system or component
is properly integrated into an airworthy plat-
form. Airworthiness qualification is con-
ducted to ensure the overall risk of operating
theair vehicleisminimal.

1-5.1.2 Specification Compliance Valida-
tion

Specification compliance validation
is defined as the process used to determine
that an item meets its established require-
ments. The purpose of specification compli-
ance validation is to show through inspec-
tion, analysis, demonstration, and/or testing
that an item satisfies all contractual per-
formance specification requirements. Even
though specification compliance validation
isprimarily a process used to demonstrate
that the contractor has met the requirements
of the contract, much of the data may be
used to substantiate the airworthiness of the
system.

1-5.1.3 Military Qualification

Military qualification is defined as a
test and documentation process used to en-
sure the military utility of an item is estab-
lished. Its purposeisto ensure that an item
will perform adequately in atactical envi-
ronment. Thus military qualification usually
includes extensive testing requirements over
awide range of environmental conditions.



15 Aug 96
ROTORCRAFT AND AIRCRAFT QUALIFICATION

1-5.1.4 First Article Validation

First article validation is the process
used to determine that the first item pro-
duced by either the original developer or an
alternate source meetsits physical perform-
ance requirements. The purpose of first ar-
ticle validation isto ensure that the manufac-
turing processes employed yield an accept-
able product that will retain the properties of
previous qualification. Thefirst article vali-
dation process is usually conducted after the
item being procured enters the production
phase of development. Thisvalidationis
also used to verify that the production tool-
ing and processes have not changed the
characteristics that were qualified on a pro-
totype.

1-5.1.5 Flight Safety Parts Qualification

Flight safety parts qualification is
defined as a process of identification and
intensive analysis, testing, control, and man-
agement of parts that have been determined
to be critical to the operational safety of an
air vehicle. The purpose of flight safety
parts qualification is to ensure not only that
these critical parts are properly designed,
analyzed, manufactured, and tested as part of
the air vehicle qualification program but also
that critical characteristics are identified and
the manufacturing process is established and
frozen. The primary differences between
qualification of flight safety parts and quali-
fication of other parts are the increased level
of management and the increased level of
technical detail required for flight safety
parts.

1-5.1.6 Structural Integrity Verification
Structural integrity verification is

defined as a process used to establish,
evaluate, and substantiate the structural in-
tegrity—airframe strength, rigidity, damage
tolerance, and durability—of an air vehicle.
The purpose of structural integrity verifica
tion isto ensure compliance with the struc-

tural design criteria. Structural integrity
verification is used to verify that load paths
and stresses are as predicted and to identify
poor structural design detailsto aleviate and
prevent (where possible) future maintenance
difficulties.

1-5.2 SCOPE

The range of the scope of determina
tions and tests that are the basis for each as-
pect of qualification is discussed in the fol-
lowing subparagraphs. Determinations are
findings supporting qualification substantia-
tion that may be verified by datareview, in-
spections, or other actions that require no
further tests or analyses.

1-5.2.1 Airworthiness Qualification

Airworthiness qualification isapro-
gressive assessment process performed at
the component, subsystem, and system lev-
elsto ensure that a system meets airworthi-
ness requirements. The scope of determina-
tions and tests that are the basis for airwor-
thiness qualification includes determinations
of the desired operating envelope, testing to
verify operations within that envel ope, and
establishing any limit actions to assure safe
operation. The process of airworthiness
qualification includes engineering analysis,
formal inspections, design reviews, safety
assessments, contractor demonstrations, and
contractor and Government qualification
tests. The requirements for airworthiness
qualification are developed by the procuring
activity and documented in the Airworthi-
ness Qualification Plan (AQP). The Airwor-
thiness Qualification Specification (AQS)
defines the contractor’ s obligation to con-
duct specific analyses, reviews, tests, sur-
veys, and demonstrations to fulfill the re-
quirements and objectives specified in the
AQP.

1-5.2.2 Specification Compliance Valida-
tion



Specification compliance validation
is a comprehensive assessment of whether a
system performs in compliance with the
specification requirements. The emphasisis
on performance, and the quality assurance
portion of the system specification should
normally contain a compliance matrix that
indicates how compliance with each para-
graph of the specification is determined.
The scope of a specification compliance
validation matches the specification. For
example, a subsystem-level specification
compliance validation would address the
subsystem-level specification requirements.

1-5.2.3 Military Qualification

Military qualification may be
achieved by establishing that an item pos-
sesses the required military utility by either
analysisor test. The scope of military
gualification is the process by which an item
istested for performance, reliability, and
maintainability in the full range of its ex-
pected operating environments. Expected
environments for military qualification in-
clude, but are not limited to, possible global
field conditions, i.e., extreme cold, sand and
dust, atitude, etc.; weapon effects, such as
blast, radiation and ballistic impacts; and
human interface and engineering considera-
tionsin global military environments for op-
erability and maintainability.

1-5.2.4 First Article Validation

First article validation consists of
establishing that the article was manufac-
tured according to its applicable processes
and procedures and that the manufactured
part meets its performance requirementsin
its specified environment. The critical as-
pect of first article validation is ensuring that
the production manufacturing procedures
and processes can result in a product of the
same performance level as the product re-
sulting from the prototype devel opment and
qualification effort. The scope of determi-
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nation and test that constitutesfirst article
validation is a subset of previous qualifica-
tion to reconfirm performance and additional
testing to validate manufacturing processes.

1-5.2.5 Flight Safety Parts Qualification

The scope of determinations and
tests that are necessary for flight safety parts
qualification (FSPQ) isthe detailed identifi-
cation of characteristics of partsthat are
critical to sustaining safe flight and the
identification of tests for those characteris-
tics. FSPQ activitiesinclude analyzing the
design of flight safety parts, testing at the
component level for specific flight safety
characteristics of the part, and establishing
inspection criteriaand part tracking re-
guirements.

1-5.2.6 Structural Integrity Verification
Structural integrity verification en-
compasses the establishment of acceptable
structural design criteria, adequate materials,
process and joining methods, design analy-
ses, load analyses, stress analyses, damage
tolerance analyses, vibration analyses, ma-
terials tests, full-scale static tests, fatigue
tests, and flight and ground loads surveys.

1-5.3 GENERAL TECHNIQUES

Qualification may be performed at
the component, subsystem, or system level.
General qualification techniques include
testing, analysis, modeling, similarity
(equivalency), and combinations of these
techniques.

The techniques described may be
applied individually or in combination de-
pending upon the specific circumstance of a
program. The application of total quality
management and concurrent engineering
principles and techniques to qualification
requires early involvement in the design
process of not only the designers of the item
but also of those involved in the testing,
manufacture, and support of theitem. Ap-
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plication of these principles and technique
ensures that the design process produces an
item that is testable, producible, and sup-
portable.

1-5.3.1 Testing

Testing involves applying the scien-
tific principles of experimentation to charac-
terize the properties of an item under con-
trolled conditions. A test has a stated objec-
tive, a predefined set of proceduresto be
performed during its conduct, a method for
collecting and assessing the test data, a set of
pass-fail criteria, and a description of the test
results.

1-5.3.2 Analysis

An analysisis an evaluation of the
characteristics of an item performed on the
basis of engineering and scientific principles
to determine whether the item meets its per-
formance requirements.

1-5.3.3 Modeling

Modeling techniques involve the in-
vestigation of the properties of a model—
either physical or conceptual—of the real
system in order to infer the characteristics of
the real system.

1-5.3.4 Similarity

Similarity qualification is based on
the concept that if two items are similar with
respect to a characteristic of interest and one
of the items has been previously qualified,
the similar items may also be considered for
gualification. A statement of similarity
without any basis for comparison is insuffi-
cient and should not be accepted.

1-54 DEVELOPMENT TECHNIQUES
Qualification techniques that apply
primarily during the development portion of
the life cycle of an item include analyses,
modeling, prototyping, informal and formal

prequalification testing under controlled,
known conditions, and qualification testing.
I ssues unique to rotorcraft include hovering
performance, vibratory characteristics, and
transitional flight performance. Issues
unique to aircraft with fixed-wings include
high-speed landing gear considerations, stall
characteristics, cabin pressurization, and
thrust/propeller reversals.

1-5.5 SUSTAINMENT TECHNIQUES

Qualification techniques that apply
primarily during the operational and support
phase of the life cycle of an item include
testing and similarity. During the opera
tional and support phase, qualification ac-
tivities center primarily on changesto and
improvement of an existing design, and
similarity techniques are often applicable.
When such techniques are not applicable,
test and analysis may be used as appropriate.
Also of significant importance during sus-
tainment is the verification of characteris-
tics, such as durability, that could not be
fully assessed during a devel opment pro-
gram because of limited test time. Another
gualification technique that applies during
the sustainment phase is the assurance that
replacement parts or repair items meet or
exceed the criteria established by the origi-
nal manufacturer. Thisis otherwise known
asthe qualified parts program.

1-6 QUALIFICATIONITEMS,
TIMING, AND OBJECTIVES

Items that require qualification in-
clude components, subsystems, systems, and
modifications to systems that ensure satis-
factory performance of the item.

1-6.1 INTRODUCTION

The time span of a piece of military
equipment development can be viewed as a
life cycle in which the item passes through
various stages. Typically, these life cycle
phases are concept exploration and defini-



tion, demonstration and validation, engineer-
ing and manufacturing development, pro-
duction and deployment, and operation and
support. Demilitarization and disposal
should be considered during all life cycle
phases because of the potential safety con-
siderations, e.g., hazardous material, that
carry forward to the final activity of thelife
cycle. If amission need cannot be satisfied
by anonmaterial solution, i.e., changein
doctrine, operational concepts, tactics,
training, or organization, a Mission Need
Statement (MNS) isdeveloped. The MNSIis
a broad statement of need rather than sys-
tem-specific solutions. Phase 0 begins with
approval of the MNS. Descriptions of the
life cycle phases follow.

1-6.1.1 Concept Exploration and Defini-
tion (Phase 0)

During concept exploration and
definition, conceptual alternativesto satisfy
mission needs and airworthiness require-
ments are defined.

1-6.1.2 Demonstration and Validation
(Phasel)

During demonstration and validation
alikely candidate or candidates to satisfy the
stated need is(are) tested to show that the
selected candidate(s) is(are) viable.

1-6.1.3 Engineering and Manufacturing
Development (Phasell)

During engineering and manufactur-
ing development, design engineering and
testing are performed to define an end-item
that satisfies the military need. The main
product of engineering and manufacturing
development is documentation of informa-
tion for use in the production of the end-item
for field use.

1-6.1.4 Production and Deployment
(Phaselll)
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During production and deployment
the item is manufactured based on the data
developed in the engineering and manufac-
turing development phase. The manufac-
tured item is sent to the using unit or to a
depot for storage.

1-6.1.5 Operationsand Support (Phase
V)

The operations and support phase
consists of use of the system by operational
units and the associated training, supply, and
maintenance activities. It also includesre-
moval of weapons, environmentally safe
detoxification or containment of hazardous
material, deformation of expended lifeitems
to prevent reuse, and commercial resale or
recycling.

1-6.2 NEW SYSTEM

A new system is defined as a newly
designed system that requires performance
of afull range of development activities.
Typicaly, it requires engineering develop-
ment, prototype fabrication and testing, and
production efforts.

1-6.2.1 Items

Qualification is an incremental proc-
ess that typically is performed on compo-
nents, subsystems, and systems. These
items are normally prototype hardware fab-
ricated during the development process.

1-6.2.2 Timing

Because qualification is an incre-
mental buildup process, timing is critical to
the success of a qualification program.
Components should be qualified before the
subsystem into which they will be integrated
isqualified. The subsystem-level tests and
analyses should achieve certain minimum
goals prior to initiation of system-level tests.
Similarly, numerous analyses and ground
tests should be successfully completed prior
to flight testing. Flight testing is an incre-
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mental, progressive activity during which
periodic assessments of progress are made
prior to proceeding to the next phase of the
qualification program.

1-6.2.3 Objectives

The objectives of qualification dur-
ing development are to ensure that a newly
developed item meetsitsintended require-
ments. Because theitem is newly devel-
oped, it can be expected to require signifi-
cantly more qualification effort than modifi-
cation programs.

1-6.3 MODIFICATION

A modification program is defined as
achange to an existing system to provide an
added capability or exploit technological
advances. Modifications can range from
minor changes to a component to major
changes affecting the entire system. Minor
changes, however, do not usually require
qualification. Modifications that would
measurably affect the airworthiness of an
aircraft include but are not limited to

1. Thosethat could affect

a. Structura integrity

b. Propulsion, transmission, and
drivetrain stability and control

c. Air vehicleflight performance

d. Aerodynamic characteristics, in-
cluding rag

e. Control response and stability

f. Electromagnetic characteristics

g. Navigational system effectiveness

h. Flight control system authority
and effectiveness

i. Weight and balance

j. Flight control system logic and
software.

2. Those that could restrict the flight
crew in the performance of normal duties

3. Those that could increase the
danger to the crew in the event of an acci-
dent

4. Those that incorporate a source of
energy which could be hazardous, such as
explosive ordnance, explosive or flammable
fluids, and laser energy

5. Those that could affect the operat-
ing limits and/or emergency procedures
specified in the operator’s manual, see
AR70-62, Airworthiness Qualification of US
Army Aircraft System (Ref. 1).

6. Those that could affect the cur-
rently approved ordnance configuration or
its controlling software.

1-6.3.1 Items

The qualification test articles that are
normally available during modifications
may be a combination of prototype hardware
for those items undergoing modification and
production hardware for those items already
developed and not requiring modification.
Asin new developments, the components,
subsystems, and system may undergo quali-
fication depending on the nature and magni-
tude of the modification effort.

1-6.3.2 Timing

The timing discussions of subpar. 1-
6.2.2 apply to amodification program as
well. Specific timing considerations are a
function of the magnitude and nature of the
modification effort.

1-6.3.3 Objectives

The objectives of qualifying a modi-
fication are to ensure that the changes incor-
porated do not adversely impact the system
from an airworthiness standpoint and that
the desired capabilities or performance im-
provements as expressed in the changed ob-
jective for the item have been achieved.

1-7 SOURCE QUALIFICATION

Source qualification, applicable pri-
marily at the part or component level, isthe
qualifying of a producer's manufacturing and
inspection processes and procedures as be-



ing acceptable for the production of speci-
fied items.

1-7.1 QUALIFIED PARTSLISTS(QPL)

When a supplier has demonstrated
that he can consistently produce an itemin
accordance with the requirements of an ap-
plicable specification, that manufacturer's
item is placed on the QPL for that specifica-
tion. The agency responsible for the particu-
lar specification establishes the criteriafor
and determines compliance with require-
ments for QPLSs.

1-7.2 SOURCE-CONTROLLED ITEMS

The concept of source-controlled
itemsisto use existing items known to be
effective in the system being qualified with-
out detailed knowledge of the item or its
critical characteristics. Thisusualy is ap-
plied to complex subsystems in which one
or more adequate products exist, typically
involving critical proprietary processes that
are not practical to duplicate.

1-7.3 SPECIFICATION CONTROL
ITEMS

Specification control items are items
that are certified by their manufacturer to
have been built and tested in accordance
with an applicable specification. For elec-
tronic equipment the Defense Electronic
Supply Center (DESC) conducts audits to
ensure that a source meets the requirements
of the specification or standard.

1-7.4 ALTERNATE SOURCES

During the course of or subsequent
to the original qualification process, alter-
nate sources may be qualified by demon-
strating that they can produce theitemto a
performance and quality level equivalent to
that of the original source. The purpose of
alternate sourcing is to eliminate depend-
ency on asingle source for acritical item. A
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procurement contract may stipulate that the
contractor developing an item is required to
participate in the selection and qualification
of alternate sources.

1-8 USE ASTEXTBOOK,
REFERENCE, AND PREPARATION
GUIDE

This handbook has a number of in-
tended uses. First, as atextbook, it provides
an overview of airworthiness qualification
programs and testing by describing the ele-
ments and procedures necessary for success-
ful accomplishment of an airworthiness
qualification program. Second, this hand-
book provides atutorial text on airworthi-
ness qualification for new personnel by
providing "how-to" instructions on structur-
ing an Airworthiness Qualification Program.
Finally, this handbook is intended to be a
reference for preparing each of the following
documents: Airworthiness Qualification
Plan (AQP), Airworthiness Qualification
Specifications (AQS), Contractor Flight
Release (CFR), Airworthiness Release
(AWR), Statement of Airworthiness Qualifi-
cation (SAQ), and Airworthiness Qualifica-
tion Substantiation Report (AQSR) both in
terms of essential elements as described in
the appendices to the handbook and required
content as described in the body of this
handbook. The Department of Defense In-
dex of Specifications and Sandards
(DODISS) (Ref. 2) is used to identify un-
classified federal and military specifications
and standard, QPLs, military handbooks,
and those industry documents coordinated
for Department of Defense (DoD) use. The
DODISS is composed of an alphabetical
listing and a numeric listing, and it contains
procedures for ordering these documents.



15 Aug 96
ROTORCRAFT AND AIRCRAFT QUALIFICATION

REFERENCES
1. AR 70-62, Airworthiness Qualification of US Army Aircraft System, 15 July 1978.

2. Index of Specifications and Standards, Department of Defense, published yearly.



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

1-6.3.3 OBJECTIVES

1-7 SOURCE QUALIFICATION

1-7.1 QUALIFIED PARTSLISTS (QPL)

1-7.2 SOURCE CONTROLLED ITEMS

1-7.3 SPECIFICATION CONTROL ITEMS

1-7.4 ALTERNATE SOURCES

1-8 USE ASTEXTBOOK, REFERENCE, AND PREPARATION GUIDE

CHAPTER 2 - AIRWORTHINESS QUALIFICATION PROGRAM
2-1 INTRODUCTION
2-2 AIRWORTHINESS QUALIFICATION PLAN (AQP)
2-3 AIRWORTHINESS QUALIFICATION SPECIFICATION (AQS)
2-4 SURVEY VERSUS DEMONSTRATION TEST REQUIREMENTS
2-4.1 SURVEYS
2-4.1.1 SIMPLE SURVEY
2-4.1.2 VERIFICATION AND EFFECT
2-4.1.3 SURVEY FOR ANALYSIS
2-4.2 DEMONSTRATIONS
2-4.2.1 TESTING
2-4.2.2 ACTION
2-4.2.3 ANALYTICAL
2-5 AIRWORTHINESS QUALIFICATION PROGRAM -
TEST MANAGEMENT
2-5.1 PLANNING
2-5.2 TEST INTEGRATION AND COMPUTER RESOURCES
WORKING GROUPS
2-5.2.1 TEST INTEGRATION WORKING GROUP
2-5.2.2 COMPUTER RESOURCES WORKING GROUP
2-5.3 TEST COORDINATOR
2-5.4 GOVERNMENT PLANT ACTIVITY
2-5.5 TEST VERSUS SPECIFICATION MATRICES
2-5.6 CONTRACTOR FLIGHT RELEASES
2-5.7 AIRWORTHINESS RELEASES
2-6 REQUIREMENTS TAILORING
2-6.1 GENERAL PHILOSOPHY
2-6.2 CONSIDERATIONS
2-6.2.1 TECHNICAL RELEVANCE
2-6.2.2 ASSESSMENT OF RISK
2-6.2.3 RESOURCES
2-7 OTHER AIRWORTHINESS CRITERIA ADOPTION
2-7.1 CIVIL AGENCIES
2-7.2 MILITARY
2-7.3 FOREIGN
2-8 AIRWORTHINESS QUALIFICATION SUBSTANTIATION
REPORT (AQSR)



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

2-8.1 VOLUME | - AIRWORTHINESS QUALIFICATION
FINAL REPORT

2-8.2 VOLUME Il - SPECIFICATION COMPLIANCE BY
PARAGRAPH

2-8.3 STATEMENT OF AIRWORTHINESS QUALIFICATION

(SAQ)

CHAPTER 3 - SYSTEM SAFETY

3-1 INTRODUCTION

3-2 OBJECTIVES

3-3 SYSTEM SAFETY PROCESS

3-3.1 KNOWN PRECEDENT (BLOCK A, FIGURE 3-2)

3-3.2 SYSTEM DELINEATION (BLOCK B)

3-3.3 IDENTIFICATION OF FLIGHT SAFETY PARTS (BLOCK C)

3-3.4 SYSTEM HAZARD ANALY SIS (BLOCK D)

3-3.5 HAZARD IDENTIFICATION (BLOCK E)

3-3.6 HAZARD CATEGORIZATION AND EVALUATION (BLOCK F)

3-3.7 ACTIONS TO ELIMINATE OR CONTROL HAZARDS (BLOCK G)

3-3.8 MODIFICATION OF SYSTEM ELEMENTS (BLOCK H)

3-3.9 EFFECTIVENESS EVALUATION OF ACTION TAKEN (BLOCK I)

3-3.10 ACCIDENT OR INCIDENT ANALY SIS (BLOCK J)

3-3.11 COMPONENT AND/OR SYSTEM TEST AND
DEMONSTRATION (BLOCK K)

3-3.12 INCREASED SAFETY ASSURANCE (BLOCK L)

3-3.13 AIRWORTHINESS QUALIFICATION (BLOCK M)

3-4 ANALYTICAL METHODOLOGIES AND TECHNIQUES

3-5 KNOWLEDGE OF HAZARDS

3-6 CLASSIFICATION OF HAZARDS

3-7 RESOLUTION OF HAZARDS

3-7.1 CONTROL METHODS

3-7.2 SUBSTANTIATION OF HAZARD RESOLUTION

3-8 SYSTEM SAFETY MANAGEMENT PLAN

3-8.1 PURPOSE

3-8.2 CONTENTS

3-9 SYSTEM SAFETY PROGRAM PLAN (SSPP)

3-9.1 PURPOSE

3-9.2 CONTENTS

3-10 SAFETY ANALYSES AND ANALY SIS TECHNIQUES

3-10.1 PRELIMINARY HAZARD ANALYSIS

3-10.2 SUBSYSTEM HAZARD ANALYSIS

3-10.3 SYSTEM HAZARD ANALYSIS

3-10.4 OPERATION AND SUPPORT HAZARD ANALYSIS

3-11 SAFETY CONSIDERATIONS IN NEW TECHNOLOGY

3-12 SAFETY TESTS

3-13 FLIGHT SAFETY PARTS (FSP) PROGRAM



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

3-13.1 IDENTIFICATION OF FLIGHT SAFETY PARTS
3-13.2 FLIGHT SAFETY PARTS QUALIFICATION
3-13.3 FLIGHT SAFETY PARTS RECORDS

3-13.4 FLIGHT SAFETY PARTS SURVEILLANCE
3-13.5 FLIGHT SAFETY PARTS DISPOSITION

CHAPTER 4 - TECHNICAL REVIEWS, DATA, AND

DOCUMENTATION

INTRODUCTION

4-2 CONTRACT DATA

4-2.1 REQUIREMENTS

4-2.2 DATA ITEM DESCRIPTIONS

4-2.3 CONTRACT DATA REQUIREMENTSLIST (CDRL)

4-3 CLASSIFIED AND CONTROLLED DATA

4-3.1 CLASSIFIED DATA

4-3.1.1 ARMY REQUIREMENTS

4-3.1.2 INDUSTRIAL REQUIREMENTS

4-3.2 CONTROLLED DATA

4-4 APPLICABLE DOCUMENTS

4-5 PROGRAM PLANS

4-6 TECHNICAL REVIEWS AND AUDITS

4-6.1 PROGRAM PROGRESS REVIEWS

4-6.2 PRELIMINARY DESIGN REVIEWS

4-6.3 CRITICAL DESIGN REVIEWS

4-6.4 FLIGHT READINESS REVIEWS

4-6.5 FIRING READINESS REVIEWS

4-6.6 SPECIAL TECHNICAL REVIEWS

4-6.7 SOFTWARE REVIEWS

4-6.8 CONFIGURATION AUDITS

4-6.9 INTEGRATED PRODUCT TEAM (IPT) REVIEWS

4-7 COMPONENT DESIGN AND QUALIFICATION DATA

4-7.1 STANDARD AND QUALIFIED PARTS DATA

4-7.2 STRUCTURAL COMPONENT DATA

4-7.3 ENGINE AND DRIVE TRAIN COMPONENT DATA

4-7.4 HYDRAULIC-PNEUMATIC-FUEL SYSTEMS COMPONENTS
DATA

4-7.5 ELECTRONIC COMPONENTS DATA

4-7.6 OPTICAL COMPONENTS DATA

4-7.7 FLIGHT SAFETY PARTS DATA

4-7.8 MATERIALS DATA

4-8 SUBSYSTEM DESIGN AND QUALIFICATION DATA

4-8.1 ENGINE TRANSMISSION, AND DRIVE SUBSYSTEMS

4-8.2 FUEL AND OIL SUBSYSTEMS

4-8 3 ROTOR, PROPELLER, AND PROPROTOR SUBSYSTEMS

4-8.4 HYDRAULIC AND PNEUMATIC SUBSYSTEMS



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

4-8.5 LANDING GEAR

4-8.6 ELECTRICAL SUBSYSTEMS

4-8.7 AVIONICS SUBSYSTEMS

4-8.8 CREWSTATIONS DISPLAYS AND CONTROLS

4-8.9 CREWSTATIONS

4-8.10 PASSENGER FURNISHING

4-8.11 HOISTS

4-8.12 CARGO PROVISIONS

4-8.13 LAVATORIES AND GALLEYS

4-8.14 TARGETING, ARMAMENT, AND FIRE CONTROL

4-8.15 SOFTWARE DATA

4-9 SYSTEM DESIGN AND QUALIFICATION DATA

4-9.1 CHARACTERISTIC AND PERFORMANCE DATA

4-9.2 STRUCTURAL DATA

4-9.3 PROPULSION AND POWER TRAIN DATA

4-9.4 FATIGUE LIFE DATA

4-9.5 AERODYNAMIC PROPERTIES

4-9.6 WEIGHT AND BALANCE DATA

4-9.7 SYSTEM VIBRATION DATA

4-9.8 ACOUSTICAL NOISE DATA

4-9.9 CLIMATIC DATA

4-9.10 ICING DATA

4-9.11 ELECTROMAGNETIC ENVIRONMENTAL EFFECTS DATA

4-9.12 WEAPON SYSTEM DATA

4-9.13 EXTERNAL STORES DATA

4-9.14 SURVIVABILITY

4-9.15 ENGINE AND FLIGHT CONTROL ELECTRONICS DATA

4-9.16 SYSTEM ENDURANCE DATA

4-9.17 SYSTEM SAFETY DATA

4-9.18 INTERFACE CONTROL DOCUMENTS

4-9.19 MISCELLANEOUS

4-10 GENERAL QUALIFICATION ASSURANCE AND OPERATIONAL

READINESS DATA

4-10.1 GENERAL QUALIFICATION ASSURANCE

4-10.2 TESTABILITY, STANDARDIZATION, AND
PRODUCIBILITY

4-10.3 RELIABILITY AND RELATED DATA

4-10.4 TRAINING AND TRAINERS

4-10.5 TRANSPORT DATA

4-10.6 MANPRINT DATA

4-10.6.1 MANPOWER

4-10.6.2 PERSONNEL

4-10.6.3 TRAINING

4-10.6.4 HUMAN FACTORS

4-10.6.5 SYSTEM SAFETY



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

4-10.6.6 HEALTH HAZARDS

4-10.7 LOGISTICS

4-10.8 BATTLE DAMAGE, CORROSION, AND
INTEROPERABILITY

4-10.9 SHIP COMPATIBILITY

4-11 TECHNICAL DATA PACKAGE (TDP)

4-11.1 ENGINEERING DRAWINGS AND ASSOCIATED LISTS

4-11.2 PERFORMANCE SPECIFICATIONS

4-11.3 MANUFACTURING AND PROCESS SPECIFICATIONS

4-11.4 TOOLING DRAWINGS

4-12 DATA MANAGEMENT

4-12.1 TAILORING DATA REQUIREMENTS

4-12.2 REPORTS AND DATA

4-12.3 DATA SUBMITTAL

4-12.4 RECORDS AND MANUALS

4-13 CONFIGURATION MANAGEMENT

4-13.1 FUNCTIONAL BASELINE

4-13.2 ALLOCATED BASELINE

4-13.3 ALLOCATED BASELINE EXPANSION

4-13.4 PRODUCT BASELINE

4-14 GOVERNMENT-INDUSTRY DATA EXCHANGE PROGRAM

(GIDEP)

4-15 LESSONS LEARNED

4-15.1 THE SAFETY DATABASE

4-15.2 THE COMBAT DATABASE

4-15.3 THE LOGISTIC DATABASE

CHAPTER 5 - QUALIFICATION ASSURANCE

5-1 INTRODUCTION

5-2 HARDWARE QUALITY ASSURANCE PROGRAM

5-2.1 QUALITY ASSURANCE PROGRAM ELEMENTS

5-2.2 QUALITY ASSURANCE PROGRAM INCORPORATION
5-3 SOFTWARE QUALITY ASSURANCE PROGRAM

5-3.1 SOFTWARE QUALITY ASSURANCE PROGRAM ELEMENTS
5-3.2 SOFTWARE QUALITY ASSURANCE PROGRAM
INCORPORATION

5-4 INSTRUMENTATION AND CALIBRATION FOR TESTING
5-4.1 INSTRUMENTATION PLANS AND REVIEWS

5-4.2 FLIGHT TEST INSTRUMENTATION

5-4.3 RANGE INSTRUMENTATION

5-4.4 CALIBRATION REQUIREMENTS

5-5 APPROVAL OF PLANS AND REPORTS

5-6 TEST WITNESSING

5-7 TEST FACILITY VALIDATION

5-8 SIMULATION VALIDATION



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

5-9 TESTABILITY

5-9.1 GENERAL TESTABILITY FEATURES

5-9.2 AUTOMATIC TEST EQUIPMENT (ATE)

5-9.3 SELF-DIAGNOSTICS AND BUILT IN TEST (BIT)

5-9.4 NON-DESTRUCTIVE TEST AND EVALUATION (NDTE)
5-10 TEST-ANALYZE-FIX-TEST (TAFT)

5-11 DEFENSE SPECIFICATIONS, STANDARDS, AND HANDBOOKS
5-11.1 SPECIFICATIONS

5-11.2 STANDARDS

5-11.3 HANDBOOKS

5-12 MAKE OR BUY PLAN

5-13 SPECIAL TOOLING

5-14 STANDARDIZATION PROGRAM

5-15 PRODUCIBILITY

CHAPTER 6 - MODELING

SECTION | - PHYSICAL MODELS

6-1 INTRODUCTION

6-2 AERODYNAMIC MODELS

6-2.1 AIRFOILS AND TWO-DIMENSIONAL AERODYNAMIC
SHAPES

6-2.2 FLOW TANKS

6-2.3 WIND TUNNELS

6-2.4 FORCE MODELS

6-2.5 POWERED FORCE MODELS

6-2.5.1 AERO-INTERFERENCE MODELS

6-2.5.2 AEROELASTIC MODELS

6-2.6 PHYSICAL LAYOUT MOCK-UPS

6-3.1 ICING TUNNELS AND ICING MOCK-UPS

6-3 INERT GENERAL REDUCED SCALE MODEL

6-3.2 FUSELAGE MOCK-UP

6-3.3 CREWSTATIONS

6-3.3.1 CREWSTATION MOCK-UP

6-3.3.2 MODULAR RECONFIGURABLE CREWSTATION SIMULATOR 6-20

6-3.4 MISSION CREW, PASSENGER AND CARGO AREA

6-3.5 COMPUTER AIDED ENGINEERING SUBSTITUTION FOR
MOCK-UPS

6-4 FUNCTIONAL SUBSY STEM MOCK-UPS

6-4.1 ELECTRICAL SYSTEM

6-4.2 PRESSURE SYSTEMS

6-4.2.1 HYDRAULIC SYSTEM

6-4.2.2 HIGH PRESSURE PNEUMATIC SYSTEMS

6-4.2.3 LOW PRESSURE PNEUMATIC AND VACUUM SYSTEMS

6-4.3 ENGINES AND DRIVE TRAIN, FLUIDS, AND
ACCESSORIES



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

6-4.4 ROTOR SYSTEM

6-4.4.1 MECHANICAL ROTOR AND CONTROLS

6-4.4.2 ROTOR AND ELECTRONIC CONTROLS

6-4.4.3 WHIRL TEST ARTICLE

6-4.5 ELECTRONIC SYSTEM MANAGER NETWORKS

6-4.5.1 GENERAL CONTROL AND DATA BUS NETWORKS

6-4.5.2 ELECTRONIC FLIGHT CONTROLS

6-4.5.3 INTEGRATED COCKPIT AVIONICS NETWORKS

6-4.5.4 ELECTRONIC ENGINE CONTROLS

6-4.6 TARGETING, FIRE CONTROL, ARMAMENT AND
STORES STATIONS

6-4.7 LANDING GEAR

6-4.8 LIGHTING MOCK-UP

6-4.8.1 INTERIOR LIGHTING

6-4.8.2 EXTERIOR LIGHTING

6-5 GROUND TEST VEHICLE

6-6 MOCK-UP REVIEW AND APPROVAL

SECTION Il - SIMULATIONS

6-7 INTRODUCTION

6-7.1 ABSTRACT EMULATION

6-7.2 PHYSICAL EMULATION

6-8 SIMULATION BASES AND VALIDATION CRITERIA
6-8.1 TABULAR DATA MODELS

6-8.2 CHARACTERISTIC FUNCTION MODELS
6-8.3 TRANSFER FUNCTION MODELS

6-8.4 STATISTICAL FUNCTION MODELS

6-8.4.1 STATISTICAL RESULTS

6-8.4.2 MONTE CARLO RESULTS

6-8.5 ARTIFICIAL INTELLIGENCE (Al) MODELS
6-8.6 NEURAL NETWORK MODELS

6-8.7 COMPOSITE AND HYBRID BASES

6-9 EMULATORS

6-9.1 INTRODUCTION

6-9.2 SYSTEM EQUIPMENT

6-9.3 ENVIRONMENTS

6-9.4 EVENTS

6-9.5 INTELLIGENCE

6-10 SIMULATORS

6-10.1 INTRODUCTION

6-10.2 MISSION EQUIPMENT

6-10.3 FLIGHT SIMULATORS

6-10.4 MISSION FLIGHT SIMULATORS

6-10.5 BATTLE ENGAGEMENT SIMULATORS
6-11 SIMULATIONS AS SOFTWARE ENVIRONMENTS



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

6-11.1 HOST

6-11.2 HOST ENVIRONMENT
6-11.3 SYSTEM ENVIRONMENT
6-11.4 EMBEDDED SIMULATIONS

CHAPTER 7 - COMPONENT QUALIFICATION

7-1 INTRODUCTION

7-2 QUALIFICATION REQUIREMENTS

7-2.1 TYPES OF COMPONENTS

7-2.2 TYPESOF TESTS

7-2.3 COMPONENT QUALIFICATION MATRIX

7-3 QUALIFICATION PROCEDURES

7-3.1 TEST SPECIMENS

7-3.2 TEST PLANS

7-3.3 QUALIFICATION REPORTS

7-3.4 QUALIFICATION BY SIMILARITY

7-3.5 SPECIAL PROCEDURES FOR FLIGHT SAFETY PARTS
7-4 PARTS CONTROL PROGRAM

7-5 FUNCTIONAL QUALIFICATION TESTS

7-5.1 PURPOSE

7-5.2 DETAILED REQUIREMENTS

7-6 STRUCTURAL QUALIFICATION TESTS

7-6.1 STRUCTURAL INTEGRITY PROGRAM
7-6.1.1 STRUCTURAL DESIGN

7-6.1.2 FATIGUE INTEGRITY

7-6.1.3 STRUCTURAL INTEGRITY VERIFICATION
7-6.1.4 STRUCTURAL INTEGRITY MAINTENANCE
7-6.2 STATIC LOADING

7-6.3 FATIGUE LOADING

7-6.4 COMPOSITE STRUCTURES

7-6.5 CRASH RESISTANCE

7-7 FAA STRUCTURAL QUALIFICATION

7-7.1 STRUCTURE

7-7.2 DESIGN AND CONSTRUCTION

7-8 ENDURANCE AND SCREENING QUALIFICATION TESTS
7-8.1 ENDURANCE TESTING

7-8.2 SCREENING TESTS

7-9 GENERAL PHYSICAL ENVIRONMENTS

7-9.1 VIBRATION

7-9.2 TEMPERATURE

7-9.3 ACCELERATION

7-9.4 SHOCK

7-9.5 SAND AND DUST

7-9.6 GUNFIRE

7-9.7 RAIN



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

7-9.8 HUMIDITY

7-9.9 FUNGUS

7-9.10 ICING

7-9.11 SOLAR RADIATION (SUNSHINE)

7-9.12 SALT FOG

7-9.13 EXPLOSIVE ATMOSPHERE

7-9.14 LEAKAGE (IMMERSION)

7-9.15 LOW PRESSURE (ALTITUDE)

7-9.16 TEMPERATURE, HUMIDITY, VIBRATION, ALTITUDE
7-10 ELECTROMAGNETIC ENVIRONMENTS

7-10.1 ELECTROMAGNETIC INTERFERENCE (EMI)
7-10.2 ELECTROSTATIC DISCHARGE (ESD)

7-10.3 NUCLEAR ELECTROMAGNETIC PULSE (NEMP)
7-10.4 LIGHTNING

7-10.5 TEMPEST

7-11 OPTICAL/ELECTRO-OPTICAL QUALIFICATION TESTS
7-11.1 TARGETING SYSTEMS

7-11.2 PILOTAGE SYSTEMS

7-12 SURVIVABILITY QUALIFICATION TESTS
7-12.1 BALLISTICTESTS

7-12.2 DIRECTED ENERGY TESTS

7-12.3 NUCLEAR HARDENING TESTS

7-12.4 NBC TESTS

7-13 COMPONENT TEST-ANALY ZE-FIX-TEST

7-14 MATERIAL QUALIFICATION

7-14.1 STRUCTURAL ALLOWABLES

7-14.2 ENVIRONMENTAL RESISTANCE

7-14.3 SPECIAL PROPERTIES

7-14.4 PROCESS DEFINITION AND CONTROL

7-15 PROCESS QUALIFICATION

7-16 SPARES AND REPAIR PARTS QUALIFICATION
7-16.1 BUILD TO PRINT

7-16.2 SPECIFICATION CONTROL

7-16.3 SOURCE CONTROL

CHAPTER 8 - SUBSY STEM QUALIFICATION

8-1 INTRODUCTION

8-2 ENGINE, TRANSMISSION AND DRIVE SUBSY STEM
QUALIFICATION

8-2.1 ENGINE PERFORMANCE

8-2.2 TRANSMISSION AND DRIVE PERFORMANCE

8-2.3 ENGINE, TRANSMISSION AND DRIVE VIBRATION

DETERMINATION
8-2.4 ENGINE, TRANSMISSION AND DRIVE ENDURANCE
8-2.5 AUXILIARY POWER UNIT



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

8-2.6 FIRE DETECTION AND EXTINGUISHING

8-3 FUEL SUBSYSTEM QUALIFICATION

8-3.1 FUEL CAPACITIES

8-3.2 REFUELING AND DEFUELING

8-3.3 SLOSH AND VIBRATION

8-3.4 FUEL SUPPLY AND FUEL TRANSFER

8-3.5 AUXILIARY POWER UNIT

8-3.6 INERTING SYSTEMS

8-3.7 AERIAL REFUEL

8-3.8 EXPLOSION PROTECTION

8-3.9 AUXILIARY FUEL

8-4 ROTOR, PROPELLER AND PROPROTOR SUBSY STEM
QUALIFICATION

8-4.1 WHIRL TESTING

8-4.2 AEROELASTIC STABILITY AND FLUTTER

8-4.3 LIFT AND THRUST PERFORMANCE

8-4.4 ANTI-TORQUE SUBSYSTEM

8-4.4.1 OPEN TAIL ROTOR

8-4.4.2 DUCTED TAIL ROTOR

8-5 HYDRAULIC AND PNEUMATIC SUBSY STEM QUALIFICATION

8-5.1 HYDRAULIC SUBSYSTEM DEMONSTRATION

8-5.2 PNEUMATIC SUBSY STEM DEMONSTRATION

8-5.3 CABIN PRESSURIZATION

8-6 LANDING GEAR QUALIFICATION

8-6.1 DROP TESTING

8-6.2 LOW AND HIGH SPEED TESTING

8-6.3 BRAKING AND BRAKE LOCK TESTING

8-6.4 FLOATATION TESTING

8-6.5 SKI TESTING

8-6.6 RETRACTION AND EXTENSION TESTING

8-7 ELECTRICAL SUBSYSTEM

8-7.1 ELECTRICAL POWER TESTING

8-7.2 ELECTRICAL POWER ANALY SIS

8-7.3 ELECTRICAL AND ELECTRONICS COOLING

8-8 AVIONICS-COMMUNICATIONS

8-8.1 EXTERNAL COMMUNICATIONS

8-8.2 INTERNAL COMMUNICATIONS

8-9 AVIONICS-NAVIGATION

8-9.1 INERTIAL NAVIGATION SYSTEMS

8-9.2 DOPPLER NAVIGATION SYSTEMS

8-9.3 BROADCAST NAVIGATION SYSTEMS

8-9.4 HYBRID NAVIGATION SYSTEMS

8-10 CREWSTATION DISPLAYS AND CONTROLS

8-10.1 FLIGHT DISPLAYS

8-10.2 FLIGHT CONTROLS



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

8-10.3 COCKPIT AND INSTRUMENT LIGHTING

8-10.4 ELECTRONIC NETWORKS

8-10.5 VOICE INTERACTIVE SUBSYSTEMS

8-10.6 MISSION EQUIPMENT PACKAGE COCKPIT

INTEGRATION

8-10.7 VISIBILITY

8-10.8 FLIGHT CREW VISIONICS

8-10.9 PROPULSION CONTROLS

8-11 CREWSTATION EQUIPMENT AND FURNISHINGS

8-11.1 AVIATION LIFE SUPPORT EQUIPMENT (ALSE)

8-11.1.1 OXYGEN SYSTEM

8.11.1.2 HELMETS

8-11.2 HUMAN FACTORS

8-11.3 CREWSTATION CRASHWORTHINESS

8-11.4 FLIGHT DATA RECORDER

8-11.5 ENVIRONMENTAL CONTROL

B-11.6 TRANSPARENCY PROTECTION4

8-12 PASSENGER FURNISHINGS5

8-13 HOIST SUBSY STEMS6

8-13.1 RESCUE HOIST6

8-13.2 CARGO HOIST7

8-14 CARGO PROVISIONS8

8-14.1 INTERNAL CARGO PROVISIONS8

8-14.2 EXTERNAL CARGO PROVISIONS1

8-15 LAVATORIES AND GALLEY S2

8-16 TARGETING, ARMAMENT AND FIRE CONTROL
SUBSYSTEMS3

8-16.1 SENSORS5

8-16.2 TRACKERSG6

8-16.3 RANGEFINDERS6

8-16.4 ARMAMENT7

8-16.5 FIRE CONTROL1

8-16.6 SENSOR FUSION2

8-16.7 SUBSYSTEM COUNTERMEASURE RESISTANCES

8-17 SPECIAL MISSION AND NEW SUBSYSTEM34

8-17.1 ELECTRONIC/OPTICAL AREA SURVEILLANCES

8-17.2 AERIAL DELIVERY SYSTEMS6

8-17.3 ADDITIONAL WEAPONS7

8-18 FAULT TOLERANT SYSTEMS8

8-19 SOFTWARE CONFIGURATION ITEMS AND EMBEDDED
SOFTWARE INTEGRATIONY

8-19.1 SOFTWARE CONFIGURATION ITEMSO

8-19.1.1 SOFTWARE REQUIREMENTS SPECIFICATIONZ2

8-19.1.2 SOFTWARE TEST DESCRIPTION2

8-19.1.3 SOFTWARE TEST REPORT3



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

8-19.2 EMBEDDED SOFTWARE INTEGRATIONS
8-19.2.1 SOFTWARE - HARDWARE INTEGRATION4
8-19.2.2 INTEGRATION TEST REQUIREMENTS5
8-20 TEST-ANALYZE-FIX-TEST (TAFT)6

CHAPTER 9 - SYSTEM QUALIFICATION

9-1 INTRODUCTION

9-0 LIST OF SYMBOLS

9-2 STRUCTURAL INTEGRITY DEMONSTRATIONS
9-2.1 STATIC TEST PROGRAM

9-2.2 WATER TIGHTNESS

9-2.3 WEIGHT AND BALANCE

9-2.4 INFLIGHT LOADS

9-3 PROPULSION AND POWER DEMONSTRATIONS
9-3.1 ENGINE/AIRFRAME COMPATIBILITY TESTS
9-3.1.1 CONTROLS

9-3.1.2 VIBRATION

9-3.1.3 STARTING

9-3.2 PROPULSION SYSTEM TEMPERATURE TESTS
9-3.3 ENGINE AIR INDUCTION AND EXHAUST TESTS
9-3.4 HIGH ALTITUDE CONDITIONS

9-3.5 LUBRICATION

9-3.6 FIRE DETECTION AND SUPPRESSION TESTS
9-3.7 TIEDOWN TESTING

9-4 FLIGHT LOAD SURVEY

9-4.1 MANEUVERS

9-4.1.1 AIR-TO-GROUND SCOUT ATTACK

9-4.1.2 CARGO/UTILITY

9-4.1.3 NAP-OF-EARTH (NOE) FLIGHT

9-4.1.4 AIR-TO-AIR COMBAT

9-4.1.5 HIGH ALTITUDE SURVEILLANCE

9-4.2 TEST TECHNIQUES AND CONDITIONS

9-4.3 LOAD MEASUREMENT

9-4.4 USAGE OF RESULTS

9-5 DYNAMIC STABILITY

9-5.1 GROUND RESONANCE

9-5.2 BLADE FLUTTER

9-5.3 AEROELASTIC AND MECHANICAL STABILITY
9-5.4 WING AND CONTROL SURFACE

9-5 AERODYNAMIC DEMONSTRATION

9-5.1 FLIGHT PERFORMANCE TESTS

9-5.1.1 COMMON

9-5.1.2 FIXED WING

9-5.1.3 ROTARY WING

9-6.2 FLYING QUALITIESTESTS



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

9-6.2.1 COMMON

9-6.2.2 FIXED WING

9-6.2.3 ROTARY WING

9-6.3 TRANSITION FLIGHT QUALITIESTESTS
9-6.4 AUTOROTATION OR UNPOWERED GLIDE
9-6.4.1 COMMON

9-6.4.2 FIXED WING

9-6.4.3 ROTARY WING

9-6.5 SPIN AND STALL CHARACTERISTICS
9-6.6 TAKEOFF

9-6.6.1 COMMON

9-6.6.2 FIXED WING

9-6.6.3 ROTARY WING

9-6.7 LANDING

9-6.7.1 COMMON

9-6.7.2 FIXED WING

9-6.7.3 ROTARY WING

9-6.8 HOVER

9-7 TOTAL SYSTEM VIBRATION TESTS

9-7.1 GROUND VIBRATION TESTS1

9-7.2 FLIGHT VIBRATION TESTS4

9-8 ACOUSTIC NOISE TESTS7

9-8.1 INTERNAL NOISE TESTS8

9-8.2 EXTERNAL NOISE TESTSO

9-9 CLIMATIC LABORATORY TESTS3

9-10 ICING FLIGHT TESTS7

9-10.1 CLEAR, DRY AIR FLIGHT9

9-10.2 SIMULATED ICING FLIGHTO

9-10.3 NATURAL ICING FLIGHT1

9-11 ELECTROMAGNETIC ENVIRONMENTAL EFFECTS (E3)
9-11.1 ELECTROMAGNETIC COMPATIBILITY4
9-11.2 ELECTROMAGNETIC VULNERABILTY7
9-11.3 LIGHTNINGS8

9-11.3.1 DIRECT EFFECTS TESTINGS8

9-11.3.2 INDIRECT EFFECTS TESTING9
9-11.3.3 STREAMERING TESTINGO

9-11.4 STATIC ELECTRICITY TESTINGO

9-11.5 RADIATION HAZARDS (RADHAZ)0
9-11.5.1 HERO TESTING1

9-11.5.2 HERP TESTING1

9-11.5.3 HERF TESTING2

9-11.6 TEMPEST TESTING2

9-11.7 ANTENNA COUPLING3

9-12 WEAPON SYSTEM EFFECTIVENESS TEST$4
9-12.1 GROUND TARGETSO



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

9-12.2 AIRTARGETS1

9-13 EXTERNAL STORES SEPARATION3

9-14 SURVIVABILITYS8

9-14.1 BALLISTIC SURVIVABILITY1

9-14.1.1 ARMOR?2

9-14.1.2 BALLISTIC TOLERANT STRUCTURE3

9-14.1.3 POSITIONING AND SEPARATION OF SUBSYSTEM$4
9-14.1.4 FUEL BALLISTIC PROTECTIONG

9-14.2 LASER SURVIVABILITY6

9-14.2.1 OPTICAL COUNTERMEASURES7

9-14.2.2 HIGH ENERGY LASERS9

9-14.3 SIGNATURE CONTROL9

9-14.3.1 INFRAREDO

9-14.3.2 RADAR CROSS SECTION (RCS) AND SIGNATURE2
9-14.3.3 ELECTROMAGNETIC EMISSION3

9-14.3.4 VISIBLE EMISSION4

9-14.3.5 ACOUSTIC EMISSIONS

9-14.4 MANEUVERABILITYS8

9-14.5 AIRCRAFT SURVIVABILITY EQUIPMENT (ASE)9
9-14.6 NUCLEAR, BIOLOGICAL, CHEMICAL (NBC)1
9-14.7 DIRECT NUCLEAR EFFECTS2

9-14.8 CRASHWORTHINESS3

9-15 AVIONICS - CONTROLSA

9-15.1 FLY-BY-WIRE/FLY-BY-LIGHT SYSTEMSY

9-15.2 STABILITY AUGMENTATION SYSTEMS9

9-15.3 AUTOPILOTSO

9-15.4 ENGINE CONTROLS2

9-15.5 INSTRUMENT LANDING SYSTEM34

9-15.6 UNMANNED AIR VEHICLE (UAV) SYSTEMS7
9-16 TEST-ANALYZE-FIX-TESTO

CHAPTER 10 OPERATIONAL READINESS QUALIFICATION

10-0 LIST OF SYMBOLS

10-1 INTRODUCTION

10-2 RELIABILITY

10-2.1 RELIABILITY MEASURES

10-2.2 FAILURE MODE, EFFECTS, AND CRITICALITY
ANALY SIS (FMECA)

10-2.3 SAMPLE DATA COLLECTION

10-2.4 SCORING CONFERENCES

10-2.5 RELIABILITY TESTING

10-2.5.1 RELIABILITY GROWTH TEST (RGT)

10-2.5.2 RELIABILITY QUALIFICATION TEST (RQT)

10-2.5.3 SYSTEM ENDURANCE TESTS

10-3 OPERATIONAL READINESS/AVAILABILITY



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

10-4 MAINTAINABILITY
10-4.1 PHYSICAL TEARDOWN AND MAINTAINABILITY
DEMONSTRATION
10-4.2 TECHNICAL MANUAL VALIDATION
10-4.3 TESTABILITY
10-5 DURABILITY
10-6 WARRANTY
10-6.1 GENERAL PERFORMANCE WARRANTY
10-6.2 RELIABILITY IMPROVEMENT WARRANTY
10-7 TRAINING AND TRAINERS
10-7.1 TRAINING
10-7.2 SYNTHETIC FLIGHT TRAINERS
(FLIGHT SIMULATORYS)
10-7.3 BUILT-IN TRAINER/TRAINING
10-7.4 INTELLIGENT TRAINERS
10-7.5 COMBAT EVALUATION TRAINERS
10-8 TRANSPORTABILITY
10-9 MANPRINT
10-9.1 MANPOWER
10-9.2 PERSONNEL
10-9.3 TRAINING
10-9.4 HUMAN FACTORS
10-9.5 SYSTEM SAFETY
10-9.6 HEALTH HAZARDS
10-9.7 SOLDIER SURVIVABILITY
10-10 LOGISTICS
10-11 BATTLE DAMAGE ASSESSMENT AND REPAIR (BDAR)
10-12 CORROSION PREVENTION AND CONTROL PROGRAM
10-13 STANDARDIZATION AND INTEROPERABILITY
10-13.1 STANDARDIZATION
10-13.2 INTEROPERABILITY
10-14 SHIP BASED OPERATION COMPATIBILITY
10-14.1 SHIP FACILITIES
10-14.2 DYNAMIC INTERFACE
10-15 GROUND SUPPORT EQUIPMENT
10-15.1 SPECIAL TOOLS AND TEST EQUIPMENT
10-15.2 BORESIGHT EQUIPMENT
10-15.3 GROUND POWER UNITS
10-15.4 AUTOMATIC TEST EQUIPMENT (ATE)
10-16 TIE DOWNS AND MOORINGS

CHAPTER 11 - GOVERNMENT TESTING

11.0 LIST OF SYMBOLS

11-1 INTRODUCTION

11-2 TEST AND EVALUATION MASTER PLAN (TEMP)



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

11-2.1 TEST INTEGRATION WORKING GROUP (TIWG)

11-2.2 TECHNOLOGY FLIGHT EVALUATIONS (TFE)

11-2.3 FLIGHT SIMULATION EVALUATIONS (FSE)

11-2.4 CONTRACTOR DEVELOPMENT, SPECIFICATION
COMPLIANCE, AND QUALIFICATION TESTS

11-2.5 ARMY EXPERIMENTAL FLIGHT TESTS

11-2.6 PRELIMINARY AIRWORTHINESS EVALUATION (PAE)

11-2.7 ENDURANCE TEST

11-2.8 AIRWORTHINESS AND FLIGHT CHARACTERISTICS
(A&FC) TEST

11-2.9 CLIMATIC TESTS

11-2.10 SURVIVABILITY TESTS3

11-2.11 OPERATIONAL TESTS (OT)

11-2.12 FOLLOW-ON EVALUATIONS (FOE)

11-2.13 SOFTWARE TEST AND EVALUATION

11-3 PRELIMINARY AIRWORTHINESS EVALUATION (PAE)

11-3.1 PAE PREREQUISITE

11-3.2 FUNCTIONAL TESTS

11-3.3 HANDLING QUALITIES

11-3.4 NOVEL CONTROL SYSTEM EVALUATION

11-3.5 TRANSITION FLIGHT

11-3.6 PERFORMANCE

11-3.7 SUBSEQUENT PAE

11-3.8 PAE REPORTS

11-4 AIRWORTHINESS AND FLIGHT CHARACTERISTICS

(A&FC) TEST

11-4.1 OBJECTIVE

11-4.2 FLIGHT PERFORMANCE

11-4.3 VIBRATION SURVEYS

11-4.4 STATIC LONGITUDINAL STABILITY

11-4.5 DYNAMIC LONGITUDINAL STABILITY

11-4.6 MANEUVERING STABILITY

11-4.7 STATIC LATERAL-DIRECTIONAL STABILITY

11-4.8 DYNAMIC LATERAL-DIRECTIONAL STABILITY

11-4.9 TRANSITION FLIGHT

11-4.10 CONTROLLABILITY

11-4.11 NOVEL CONTROL SYSTEMS

11-4.12 AIRWORTHINESS AND FLIGHT CHARACTERISTICS
REPORT

11-5 CLIMATIC TESTS

11-6 SURVIVABILITY TESTS

11-6.1 LIVE FIRE

11-6.2 CRASHWORTHINESS

11-6.3 SPECIAL ELECTROMAGNETIC INTERFERENCE (SEMI)

11-6.4 ELECTRONIC WARFARE



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

11-7 ELECTROMAGNETIC ENVIRONMENTAL EFFECTS

11-8 DEVELOPMENTAL TESTS (DT)

11-9 OPERATIONAL TESTS (OT)

11-9.1 ISSUES AND OBJECTIVES

11-9.2 RESOURCES AND TEST CONDUCT

11-9.3 REPORTS

11-10 FOLLOW-ON EVALUATIONS (FOE)

11-10.1 ISSUES AND OBJECTIVES

11-10.2 RESOURCES AND TEST CONDUCT

11-10.3 REPORTS

11-11 GOVERNMENT SOFTWARE TEST AND EVALUATION (T&E)
11-11.1 INTEGRATED PRODUCT TEAM (IPT)-SOFTWARE
11-11.2 CONTRACTOR SOFTWARE QUALIFICATION TESTS
11-11.3 GOVERNMENT WITNESS OF SOFTWARE VALIDATION
11-11.4 GOVERNMENT SOFTWARE QUALIFICATION

11-11.5 LIFE CYCLE SOFTWARE SUPPORT (LCSS) TESTS
11-12 SYSTEM CALIBRATIONS

APPENDIX A

THE ELEMENTS OF AN AIRWORTHINESS QUALIFICATION PLAN
(AQP)

A-1 INTRODUCTION

A-2 AQP CONTENTS

A-2.1 SCOPE

A-2.2 REFERENCES

A-2.3 TEST ACCOMPLISHMENT

A-2.3.1 TEST SPECIFICATION

A-2.3.2 TEST ARTICLE AND AVAILABILITY
A-2.3.3 TEST FACILITIES

A-2.3.4 TEST EQUIPMENT

A-2.4 TEST MANAGEMENT

A-2.5 DOCUMENT GENERATION

APPENDIX B

THE ELEMENTS OF AN AIRWORTHINESS QUALIFICATION
SPECIFICATION (AQS) AND THEIR CONTENTS
B-1 INTRODUCTION

B-2 OBJECTIVES OF THE MAJOR ELEMENTS
B-3 MAJOR AQSELEMENTS

B-3.1 SCOPE

B-3.1.1 SYSTEM SAFETY

B-3.2 APPLICABLE DOCUMENTS

B-3.3 DEFINITIONS

B-3.4 GENERAL REQUIREMENTS

B-3.4.1 TECHNICAL REVIEWS



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

B-3.4.2 DATA AND DOCUMENTATION

B-3.4.3 QUALIFICATION ASSURANCE

B-3.5 DETAIL REQUIREMENTS

B-3.5.1 MODELING

B-3.5.2 COMPONENT TESTS

B-3.5.3 SUBSYSTEM QUALIFICATION

B-3.5.4 SYSTEM QUALIFICATION

B-3.5.5 FLIGHT SAFETY PARTS QUALIFICATION
B-3.5.6 OPERATIONAL READINESS QUALIFICATION
B-3.5.7 PREPARATION FOR GOVERNMENT TEST

B-3.6 GUIDANCE INFORMATION

B-3.6.1 TEST INTEGRATION WORKING GROUP (TIWG)
B-3.6.2 COMPUTER RESOURCES WORKING GROUP (CRWG)
B-3.6.3 GOVERNMENT TESTING

B-3.6.4 USE OF GOVERNMENT TEST FACILITIES

APPENDIX C

ELEMENTS OF A CONTRACTOR FLIGHT RELEASE (CFR)

C-1 INTRODUCTION

C-2 CONTENTS

C-2.1 ADMINISTRATIVE INFORMATION

C-2.1.1 SUBJECT/SCOPE

C-2.1.4 TERMINATION

C-2.2 MAJOR ELEMENTS

C-2.2.1 REFERENCES

C-2.2.2 REVISIONS

C-2.2.3 CONFIGURATION

C-2.2.4 OPERATING INSTRUCTIONS, PROCEDURES,
LIMITATIONS, AND RESTRICTIONS

C-2.2.4.1 OPERATING INSTRUCTIONS

C-2.2.4.2 PROCEDURES

C-2.2.4.3 LIMITATIONS

C-2.2.4.4 RESTRICTIONS

C-2.2.5 MAINTENANCE PROCEDURES, INSPECTIONS,
AND FREQUENCY OF INSPECTION

C-2.25.1 MAINTENANCE PROCEDURES

C-2.2.5.2 INSPECTIONS

C-2.2.5.3 FREQUENCY OF INSPECTION

C-2.2.6 APPENDICES

APPENDIX D

ELEMENTS OF AN AIRWORTHINESS RELEASE (AWR)
D-1 INTRODUCTION

D-1 INTRODUCTION

D-2 CONTENTS



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

D-2.1 ADMINISTRATIVE INFORMATION

D-2.1.1 REVISION AND DATE

D-2.1.2 ADDRESSEE

D-2.1.3 SUBJECT

D-2.2 MAJOR ELEMENTS

D-2.2.1 REFERENCES

D-2.2.2 PURPOSE

D-2.2.3 CONFIGURATION

D-2.2.4 OPERATING INSTRUCTIONS, PROCEDURES,
LIMITATIONS AND RESTRICTIONS

D-2.2.4.1 OPERATING INSTRUCTIONS

D-2.2.4.2 PROCEDURES

D-2.2.4.3 LIMITATIONS

D-2.2.4.4 RESTRICTIONS

D-2.2.5 MAINTENANCE PROCEDURES, INSPECTIONS AND
FREQUENCY OF INSPECTION

D-2.2.5.1 MAINTENANCE PROCEDURES

D-2.2.5.2 INSPECTIONS

D-2.2.5.3 FREQUENCY OF INSPECTION

D-2.2.5.4 PARTS AVAILABILITY

D-2.2.5.5 WEIGHING

D-2.2.5.6 DESIGNATION PREFIX ASSIGNMENT

D-2.2.6 AIRCRAFT LOGBOOK ENTRIES

D-2.2.7 TERMINATION OF RELEASE

D-2.2.8 SIGNATURE OF ISSUE AUTHORITY

D-2.2.9 APPENDICES

APPENDIX E
ELEMENTS OF A STATEMENT OF AIRWORTHINESS
QUALIFICATION (SAQ)

E-1 INTRODUCTION

E-2 CONTENTS

E-2.1 ADMINISTRATIVE INFORMATION

E-2.1.1 EFFECTIVE DATE

E-2.1.2 ADDRESSEE

E-2.1.3 SUBJECT

E-2.2 MAJOR ELEMENTS

E-2.2.1 REFERENCES

E-2.2.2 PURPOSE

E-2.2.3 CONFIGURATION

E-2.2.4 AIRWORTHY OPERATION

E-2.2.4.1 OPERATING INSTRUCTIONS AND PROCEDURES
E-2.2.4.2 LIMITATIONS AND RESTRICTIONS

E-2.2.5 SUSTAINING AIRWORTHINESS

E-2.2.5.1 INSPECTIONS AND FREQUENCY OF INSPECTION



ROTORCRAFT AND Al RCRAFT QUALI FI CATI ON

E-2.25.2 LIMITED LIFE AND FLIGHT SAFETY PARTS
E-2.2.5.3 MAINTENANCE PROCEDURES

E-2.2.6 AIRCRAFT LOGBOOK ENTRIES

E-2.2.7 SIGNATURE OF ISSUE AUTHORITY

E-2.2.8 APPENDICES

APPENDIX F

ELEMENTS OF AN AIRWORTHINESS QUALIFICATION

SUBSTANTIATION REPORT (AQSR)

F-1 INTRODUCTION

F-2 CONTENTS

F-2.1 ELEMENTS OF: VOLUME | - AIRWORTHINESS
QUALIFICATION FINAL REPORT

F-2.1.1 INTRODUCTION

F-2.1.1.1 PURPOSE

F-2.1.1.2 APPLICABLE CONTRACTS

F-2.1.1.3 EXECUTIVE SUMMARY

F-2.1.1.4 STATEMENT OF AIRWORTHINESS QUALIFICATION F-4

F-2.1.2 DEFINITIONS

F-2.1.3 AIRCRAFT DESCRIPTION

F-2.1.4 AIRWORTHINESS QUALIFICATION PROGRAM

F-2.1.4.1 PROGRAM SCHEDULE

F-2.1.4.2 TEST PROGRAM SUMMARY

F-2.1.5 STRUCTURAL DEMONSTRATION SUMMARY

F-2.1.5.1 DESIGN FLIGHT CONDITIONS

F-2.1.5.2 DESIGN GROUND CONDITIONS

F-2.1.5.3 DESIGN CRASH CONDITIONS

F-2.1.5.4 STRENGTH SUMMARY

F-2.1.6 COMPONENT LIVES

F-2.1.7 OPERATING RESTRICTIONS

F-2.1.8 QUALIFICATION DATA SUMMARY AND INDEX

F-2.1.8.1 CONTRACTOR DATA

F-2.1.8.2 GOVERNMENT DATA

F-2.2 ELEMENTS OF: VOLUME Il - SPECIFICATION
COMPLIANCE BY PARAGRAPH

F-2.2.1 INTRODUCTION

F-2.2.2 PARAGRAPH COMPLIANCE LIST



15AUG 96
ROTORCRAFT AND AIRCRAFT QUALIFICATION

CHAPTER 2
AIRWORTHINESS QUALIFICATION PROGRAM

This chapter discusses the elements of airworthiness qualification programs. The Air-
worthiness Qualification Plan, Airworthiness Qualification Specification, and Airworthiness
Qualification Substantiation Report are discussed. In addition, discussions are included on air-
worthiness test management, standard and specification tailoring, survey versus demonstration
requirements, and the use of other airworthiness certification criteria.

2-1 INTRODUCTION

Upon receipt of an approved Mission
Need Statement (MNS) a Test Integration
Working Group (TIWG) should be estab-
lished and chaired by a program manager
(PM). The composition and responsibilities
of the TIWG are described in subpar. 2-
5.2.1. Alsothe USArmy Training and
Doctrine Command (TRADOC) should pre-
pare an Operational Requirements Docu-
ment (ORD). The ORD and System Threat
Assessment Report (STAR), if any, should
be used to develop a system specification
and a Test and Evaluation Master Plan
(TEMP). Department of Defense Regula-
tion (DoDR) 5000.2-R, Mandatory Proce-
dures for Defense Acquisition Programs
(MPDAPs) and Major Automated Informa-
tion Systems (MAIS) Acquisition Program,
(Ref. 1) establishes the requirement for a
TEMP. The TEMPisan iterative planning
and scheduling document. The purpose of a
TEMP isto serve as a management tool to
ensure that the necessary elements of atest
program are defined, to ensure that adequate
coordination is effected among the agencies
requiring test data, to ensure that adequate
testing is planned for arriving at type classi-
fication and production decisions, and to
provide justification for test resourcesin-
cluding the number of prototypesto be used
during testing. The TEMP also providesthe
justification to combine tests, to conduct
them concurrently, or to eliminate them in
order to avoid duplicate and unnecessary
testing. The critical technical parameters
and critical operational issues defined in the

TEMP form the basis for the test require-
ments. Responsibility for the preparation of
a TEMP belongs to the program manager in
cooperation with the members of the TIWG.
The types of airworthiness tests that should
be included in the TEMP, the test agency,
test hardware, and objective for each test are
summarized in Tables 2-1 and 2-2. Chapter
11 provides details for preparation of a
TEMP. Often the development of an Air-
worthiness Quadlification Plan (AQP) paral-
lels development of the TEMP. The AQP
provides general guidance for required engi-
neering analyses, formal inspections, design
reviews, safety assessments, contractor
demonstrations, and all contractor and Gov-
ernmental qualification tests essential to de-
fining and implementing the procurement of
an air vehicle.

2-2 AIRWORTHINESS
QUALIFICATION PLAN (AQP)

An Airworthiness Qualification Plan
is developed by the procuring activity and
included in the request for proposal (RFP) to
communicate the requirements of the Gov-
ernment for airworthiness qualification to
the contractor. The AQP isthe basis upon
which the contractor prepares his Airworthi-
ness Qualification Specification (AQS) in
response to the RFP. Appendix A, “The
Elements of an Airworthiness Qualification
Plan”, describes the purpose, content, scope,
references, test accomplishment, test
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TABLE 2-1. SUMMARY OF TEMP TEST REQUIREMENTS-AIR VEHICLE SYSTEM

TEST TYPE

TEST AGENCY

TEST HARDWARE

TEST OBJECTIVE

Contractor’ s
Airworthiness
Quadlification
Tests (AQT)

Contractor

Models

Mockups
Components
Subsystems
Allied Equipment
Prototype System

Development:
Prove out assemblies, components, and
the total air vehicle
Qualification:
Determine design limits and flight
envelope
Demonstration of adequacy of air veh i-
cle to function safely within flight enve-
lope

Preliminary
Airworthiness
Evauation

Materiel Developer
(TACOM)

Prototype System

Verification of flight envelope and pre-
liminary contract compliance

Provide quantitative and qualitative flight
test data

Detection of deficiencies and
evaluation of corrections

Provide preliminary operational use data

Airworthiness
and Fight
Characteristics

Materiel Developer
(TACOM)

Prototype System

Final verification of flight envelope and
contract compliance

Achievement of applicable military
specifications

Detailed stahility, performance, and
handling characteristics

Operationa characteristics for
technical manuals

Adequacy of the system, subsystems, and
allied equipment under extreme
environmental conditions

Endurance

Contractor

Prototype System

Determination of endurance and
reliability of basic design
Determination of adequacy of design
changes to correct deficienciesr e
vealed during prior tests

Operational
User Tests

Operational Evalu a
tion Command

Prototype System

Determination of the degree to which the
system meets the characteristics of the
reguirements doc ument

Determination of inspection cycles

Development of operating and
maintenance costs

Determination of component service life
and quick change kits

Refinement of manpower, equipment,
skills, and training requirements

2-2
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TABLE 2-2. SUMMARY OF TEMP TEST REQUIREMENTS--ALLIED EQUIPMENT

TEST TYPE TEST OBJECTIVES RELATION TO SYSTEM TEST
Engineering Determination of the inherent structural, Contractor development and airworthiness
Design Tests mechanical, electrical, and physical qualification tests
(EDT) properties

Determination of human and safety impli-
cations
Contractor Demonstration of performance against Contractor development and airworthiness quali

Demonstration
(CD)

contract specifications
Determination of human performance
reguirements

fication tests

Research and Determination that specifications of Preliminary airworthiness evaluation
Development development contract have been
Acceptance fulfilled
Tests (RDAT) Serves as basis for acceptance or rejec-

tion of prototypes
Developmental | Determination of technical performance, Airworthiness and flight characteristic test
Tests reliability, maintainability, endurance,

and safety characteristics of the item

and its maintenance package

Determination of human factor implica-

tions of design and materials
Operational Determination of the military worth of Operational tests
Tests theitem

Determination of the degree to which the
item meets the characteristics of the
reguirements document

management, and documentation generation

of the AQP.

2-3 AIRWORTHINESS
QUALIFICATION SPECIFICATION

(AQYS)

The Airworthiness Qualification
Specification defines the contractor’s obli-
gation to conduct specific analyses, reviews,
tests, surveys, and demonstrations to fulfill
the requirements of the AQP. The function
of the AQS is to establish the requirements
for test and evaluation of the system. In
turn, the data generated by the AQS re-
guirements are the basis for issuance of air-
worthiness releases and the Airworthiness
Qualification Substantiation Report
(AQSR). Appendix B, “The Elements of an
Airworthiness Qualification Specification

(AQS) and Their Contents”, provides ade-
tailed discussion of AQS requirements.

2-4 SURVEY VERSUS
DEMONSTRATION TEST
REQUIREMENTS

Surveys and demonstrations are two
types of teststypically defined and required
inan AQS. The purpose of each isto estab-
lish system performance characteristics.
The difference is that surveys are performed
to document physical characteristics or the
current performance status of the design,
whereas demonstrations establish whether or
not a system performs adequately against
stated requirements. Survey requirements
should state clearly the intended purpose of
the test and the expected use of the survey
data. Demonstration requirements should

2-3




define the pass-fail criteriaagainst which the
system will be judged. Because of the sig-
nificant difference in the nature of surveys
and demonstrations, the choice between the
two should be carefully weighed when es-
tablishing the AQS requirements.

2-4.1 SURVEYS

A survey isthe act of collecting in-
formation, measuring, determining, and as-
sembling data to define the characteristics or
capabilities of anitem. A limited sampling
of factsto indicate, extrapolate, or predict
what a complete collection of facts and
analysiswould reveal isalso asurvey. The
purpose of the survey isto determine the
current state of the design with respect to
established system performance require-
ments. The contractor’s obligation isto plan
and conduct the test, to collect the data, and
to report the test results in accordance with
the AQS. Thereisno obligation to correct
deficiencies by virtue of the survey require-
ments alone. A survey incurs an obligation
to collect valid data but does not obligate
compliance with pass-fail criteria. Exam-
ples of typical surveysare provided in Table
2-3. Three general categories of surveys are
simple surveys, verification and effect sur-
veys, and surveysfor analysis.

2-4.1.1 Simple Survey

A simple survey is adata collection
effort to establish baseline performance
characteristics and the impact of the modifi-
cation relative to this baseline. Simple sur-
veys are performed for specific reasons and
collect limited amounts of data. The number
of test runs and the amount of data collected
are dependent upon the type of subsystem or
component being analyzed. A simple survey
would be a design support test to obtain en-
gineering design data.
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2-4.1.2 Verification and Effect

Verification and effect surveys are
frequently conducted on modified systems
to determine the impact of the modification
and whether minimum performance charac-
teristics are still met. Such surveys are
usually partial samplings, not full and com-
prehensive tests. An exampleisto measure
baseline performance and any change in per-
formance after a modification.

2-4.1.3 Survey for Analysis

A survey for analysisis conducted to
collect datafor analysis because thereis no
practical method of directly measuring the
desired characteristic. A flight load survey
isan example of asurvey for analysis. The
survey provides data that may be compared
with design loads or stresses for flight con-
ditions in the maneuver spectrum defined for
the air vehicle. Theload data may be used
to perform fatigue damage analysis and fa-
tigue life calculations. The survey is correct
and complete if valid data are acquired re-
gardless of the correlation with analytical
results. The AQS may require the repeat of
certain surveys to support analytical re-
guirements when conditions
warrant. Such conditions may include
changes in the configuration or operating
conditions.

2-4.2 DEMONSTRATIONS

A demonstration is the act of proving
with measurements made during the actual
performance of the act or accepted analysis
that a requirement has been met. The dem-
onstrations are the proof required for ap-
proval of airworthiness qualification and the
basis for establishing safe operating limits
for rated, but not test rated, pilots in the ex-
pected operating environment. The obliga-
tion of the contractor is not only to conduct
the test and collect valid data but aso to
meet contractually specified pass-fail

TABLE 2-3. EXAMPLESOF SYSTEM SURVEYS
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EXAMPLE DESCRIPTION
Flight Load L oads data obtained throughout flight envelope for all critical components
Survey Provides data for preliminary estimate of fatigue lives
Determines whether resonant frequencies of critical components are tuned to the fre-
guencies of the primary exciting forces
Engine Vi- Flight and ground tests
bration Sur- Conducted to verify that engine vibrations do not exceed the allowable limit specified in the en-
vey gine model specification
Propulsion Flight and ground temperature monitoring
System Tem- | Conducted to verify that engine(s) , engine accessories, engine fluids, airframe structure,
perature Sur- transmission system, gear brakes, heat exchangers, etc., do not exceed their allowable
vey temperature limits
Total System | Flight and ground vibration monitoring
Vibration Conducted during accel erated and unaccelerated flight over the full range of the flight
Survey envelope and of the allowable rotor speeds
Provides data to substantiate compliance with vibratory comfort requirements and demonstrate air
vehicleis free from excessive vibrations affecting structural integrity or ability to perform its
mission
Crew Envi- Conducted to demonstrate compliance with new environmental requirements under all
ronment Sur- specified operating conditions and modes
vey Includes crew comfort considerations related to performance degradation and contamination
characteristics
Infrared (IR) | Demonstrates that the IR signature is reduced to acceptable levels
Signature Documentsits IR signature for use in countermeasure studies, tradeoffs, and require- ments
Survey

criteria per the AQS, system specification,
and statement of work. Inherent in that ob-
ligation isthat if initial demonstrations are
unsuccessful, corrective actions must be
implemented to eliminate the deficiencies,
and the test must be fully or partially re-
peated, depending on circumstances. This
cycleisreferred to as “test, analyze, fix,
test”. It isimportant to state clearly the
contractual pass-fail and retest cycle criteria
in the AQS to ensure that demonstration re-
quirements are fully delineated.

2-4.2.1 Testing

Demonstration of system perform-
ance requirements may be accomplished by
direct measurement of arequired character-
istic. Thismethod is appropriate for quanti-
tative requirements that are clearly measur-
able. Anexampleisdemonstration of the
achievement of specified vibration levels for
avionics equipment mounting points. The
mounting points would be instrumented, the

2-5

air vehicle would be flown under specified
conditions, data would be recorded, and a
determination would be made as to whether
the recorded vibration levels fall within the
specified range of acceptability.

2-4.2.2 Action

Some specification requirements are
not quantitative in nature but require that a
capability to perform afunction be provided.
The adequacy of maintenance training and
procedures, as written in the manuals, is
demonstrated by having troops perform the
procedures (by the book) on an actual air
vehicle. Qualitative maintainability re-
guirements are also demonstrated in this
manner. Demonstration of achievement of
this requirement would be the accomplish-
ment of the action or procedure under the
specified conditions by a person or persons
representative—in terms of physical charac-
teristics, abilities, and training—of the crew
member populations.




2-4.2.3 Analytical

Some quantitative specification re-
guirements either are not directly measur-
able at all or are not directly measurable at a
specified design point or under a specified
set of conditions. An example of the first
situation is the fatigue life of nonflight-
critical components. It might be impractical
to attempt demonstrating the achievement of
such requirements through test because
testing would be prohibitively long and be-
cause failure could have catastrophic results.
The alternative is to measure the loads and
stresses and compare them analytically with
the physical properties of the item to predict
fatigue life. An example of the second
situation is the requirement to demonstrate
the range performance requirements for a
target-sighting system under specified clima
tological and atmospheric conditions. The
specified conditions may seldom, if ever,
occur concurrently, and waiting to test under
those conditions would not be practicable.
The alternative is to make measurements at
conditions different from the specified
conditions and to make the appropriate ad-
justments. In both situations analytical
techniques must be used to determine the
achievement of requirements. It isessential
that the analytical technique used to demon-
strate requirements be validated. Also the
AQS should specify the data collection ef-
forts required to support the analysis.

2-5 AIRWORTHINESS
QUALIFICATION PROGRAM—TEST
MANAGEMENT

The successful conduct of an airwor-
thiness qualification program requires both
flexible and vigilant control of the test pro-
gram. Flexibility alowsfor proper reaction
to unforeseen contingencies. Vigilanceis
necessary to minimize the impact of unde-
sirable events through early detection and
corrective action implementation and to en-
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sure valid results. These factors are crucia
for both proper qualification assurance and
achieving qualification within schedule and
Ccost.

2-5.1 PLANNING

Preparing an Airworthiness Qualifi-
cation Plan centers on test sequencing. An
AQP should account for test-analyze-fix-test
cycles and for the fact that test article and
test facility availability may pace a program.
Prudent test sequencing requires a progres-
sive buildup of test objectives. Inappropri-
ate sequencing may increase program risk
and lead to invalid resultsif configuration
changes alter acritical performance charac-
teristic. No specific sequence of analyses or
tests for airworthiness qualification is given
in this handbook because the definition and
scheduling of testswill be atered by new or
novel features, by therisk to the perform-
ance of these features and equipment, by
economic considerations, and by delivery
constraints.

The contractor should propose a
schedule for the AQS that will result in a
logical sequence of analysis and test efforts
to minimize therisks. A minimum risk pro-
gram would require that all components be
well-developed prior to subsystem testing,
that critical subsystems be qualified prior to
total air vehicle system testing, and that all
operational conditions for the air vehicle be
tested prior to first flight. Each of the test
phases would be preceded by sufficient
analyses to assure that design regquirements
have been met and that successful comple-
tion of subsequent testsis probable. The
manufacture and assembly of preproduction
air vehicles should be undertaken concur-
rently with the qualification program be-
cause thisis practical and will prevent an
unreasonably long and expensive program.

Given this discussion, certain mini-
mum test precedence requirements normally
apply. A test of the power and propulsion
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system should be completed on the ground
prior to first flight. Thistest may be con-
ducted with either atied down air vehicle or
asimulated vehicle containing all required
subsystems. In addition, the structural static
test program should have demonstrated the
adequacy of the airframe for design limit
loads. Included in this requirement island-
ing gear drop testing. Further, sufficient
component fatigue test data should be avail-
able to assure that the service life of fatigue-
critical components is adequate for initial
flight testing.

Prior to initiation of ground tie-down
test, the principal components of the drive
system should have completed adequate
testing including maximum rated torque and
speed and pertinent transient conditions.

Demonstration requirements for in-
dividual subsystems, as defined by pertinent
military specifications, may require an
analysis of system capability and perform-
ance be submitted for approval together with
appropriate subsystem drawings and de-
scriptions prior to test initiation. Such
stipulations should not affect qualification
schedules. The analyses required are per-
formed during design of the system and
must therefore be completed well in advance
of subsystem testing.

The RFP for a specific model air
vehicle will typically indicate the number of
prototypes to be assigned to test and qualifi-
cation programs. Should these RFP guide-
lines not include specific assignments, such
asfor structural testing, flying qualities and
flight performance testing, avionics and ar-
mament testing, the contractor should be
required to define use of the assigned air
vehiclein the proposed schedule. In addi-
tion to minimizing risk, proposal preparation
for prototype use and test sequencing should
also consider cost and schedule impacts.

2-5.2 TEST INTEGRATION

2-7

The extremely complex and interre-
lated issues associated with the conduct of a
development program require close coordi-
nation among numerous Government agen-
cies. A Test Integration Working Group
should be established as aforum to effect
coordination of and solve routine problems
in the test and evaluation process. There are
members and associate participants. Also
there are many interface groups, such asthe
Threat Coordinating Subgroup, Computer
Resources Working Group (CRWG), Man-
power and Personnel Integration
(MANPRINT) Joint Working Group, Safety
Working Group, and Live-Fire Test and
Evaluation Working Group, that have a
close tiewith the TIWG. TIWG and the
CRWG are described in the subparagraphs
that follow.

2-5.2.1 Test Integration Working Group

A TIWG is an integrated product
team (See subpar. 4-6.9.) that is chartered to
structure the test and evaluation (T& E) pro-
gram and integrate the various T& E and
milestone requirements. It ischaired by the
program manager or the materiel developer
(PM/MATDEV) and includes qualified rep-
resentatives who have been entrusted to
speak for their parent organizations. The
purposes of a TIWG are to optimize the use
of appropriate T& E expertise, instrumenta-
tion, targets, facilities, simulations, and
models to implement test integration; to in-
tegrate test requirements; to provide input to
the PM/MATDEYV to review and give pre-
liminary approval of the TEMP; to resolve
cost and scheduling problems; and to ensure
T&E common goal planning, execution, and
reporting. During the conduct of a devel-
opment program, the TIWG may conduct
risk assessments and may provide program
modification recommendations because of
problem situations.

TIWG participants are selected to fill
the needs of the program they support. Gen-



erally, the principal TIWG members are the
PM/MATDEV, the combat developer, the
developmental and operational testers, the
developmental and operational independent
evaluators, and alogistician. Other special-
ties that may be included as principal are a
trainer, athreat integrator, and a survivabil-
ity/lethality analyst.

An associate member of aTIWG isa
nonvoting member who provides a needed
supportive role to address necessary T& E
requirements and to support subordinate
working groups. The TIWG may require
subgroups to perform specialized tasks, de-
fine the details of the T& E program, handle
the interfaces with other disciplines, prepare
for testing, and develop supporting T& E
documentation. The TIWG will charter, as
necessary, a Reliability, Availability, and
Maintainability (RAM) Working Group
(RAMWG) and a Supportability T& E
Working Group (STEWG). The RAMWG
is co-chaired by the materiel developer and
the combat developer to address RAM is-
sues, such as failure definition and scoring
criteria, RAM Rationale Annex, and data
collection. Further details of this subgroup
are contained in AR 702-3, Army Materiel
Systems Reliability, Availability, and Main-
tainability, (Ref. 2). The STEWG is chaired
by the materiel developer’s Integrated L o-
gistic Support (ILS) manager and coordi-
nates the TIWG activities with the Inte-
grated L ogistic Support Management Team.
Topics to be coordinated include support-
ability test issues, test requirements, and lo-
gistic demonstration requirementsin the
TEMP. Further details of this subgroup are
contained in AR 700-127, Integrated Logis-
tic Support, (Ref. 3).

Additional information regarding
TIWG and test and evaluation isincluded in
Department of the Army (DA) Pamphlet
(PAM), Operational Testing and Evaluation
Methodology and Procedures Guide,

(Ref. 4).
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2-5.2.2 Computer Resources Working
Group

The Computer Resources Working
Group is established by the PM/MATDEV
to assist in the management of system com-
puter resources. Membership of the CRWG
includes the PM/MATDEV, the combat de-
veloper, the developmental and operational
testers, the developmental independent
evaluator, the operational independent
evaluator, and the postdepl oyment software
support activity. The function of the CRWG
isto review and resolve computer resource
issues that may impact the acquisition, de-
ployment, and support of a weapon system.
Risks associated with computer resource de-
velopment are assessed, and recommenda-
tions for program modifications to mitigate
those risks are activities of the CRWG.
Specifically, the objectives of the CRWG
are:

1. Toimprove the acquisition man-
agement of computer resourcesin the sys-
tem

2. Toincrease the visibility of com-
puter resources in the overall life cycle of
the system

3. To decrease the proliferation of
unigue computer resources in the Army in-
ventory by requiring the use of standard
hardware and portable software to the
maximum extent possible

4. To promote the use of higher or-
der language (HOL ), compilers, and other
labor-saving and management of software
tools

5. Toprovidefor early planning in
the development and test of the system to
ensure compliance with policy, procedures,
and plans and standards established for the
acquisition of computer resources

6. To facilitate the preparation, re-
view, and approval of a Computer Re-
sources Management Plan (CRMP) for the
system
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7. To eliminate unnecessary redun-
dancy intesting. Inherent in these functions
isidentification of the requirements for
computer resource test facilities.

2-5.3 TEST COORDINATOR

A test coordinator is arepresentative
of the procuring activity who islocated at a
test site—a Government or contractor test
facility. The duties and responsibilities of
the test coordinator are

1. Tomaintain liaison with the con-
tractor in order to determine start and com-
pletion dates and the duration of each test

2. To develop and implement a pro-
cedure for rapid and timely witness or ob-
server notification of tests, cancellations,
and rescheduling

3. Todesign and distribute test-
witnessing forms

4 . To provide witnesses or observers
with written data and information, such as
plant procedures, and forms on which to re-
cord data and observations

5. To brief each witness or observer
on the status of the test including preceding
and subsequent tests

6. To forward completed witness
reports and comments to the procuring ac-
tivity

7. Towitness or observe tests when
an authorized witness or observer has not
been appointed or is absent.

2-9

2-54 GOVERNMENT PLANT
ACTIVITY

The Government plant activity func-
tion isnormally carried out by the Defense
Plant Representative Office (DPRO). The
DPRO is an extension of the procuring ac-
tivity located at the site of the contractor.
The authority of the DPRO is delegated by
the procuring contracting officer (PCO) by
making the DPRO the administrative con-
tracting officer (ACO). Thison-siterepre-
sentative of the procuring activity is respon-
sible for contract administration and quality
control and monitors the contractor to the
full extent of the capability of the DPRO.
Because it isimpractical for the DPRO to
assemble engineering talent equal to the ex-
pertise available throughout the US Army
Materiel Command (AMC) commaodity
commands, the DPRO relies heavily on the
commodity commands for assistance. Engi-
neering data required to be developed and
submitted under the contract is submitted to
the procuring activity viathe DPRO. The
DPRO reviews the data submittals for com-
pleteness and for compliance with the appli-
cable specifications and contractual re-
guirement. The recent trend istoward re-
duced Government oversight, which isto be
replaced by more reliance on contractor
verification of the completeness and accu-
racy of submitted data. The program man-
ager and the appropriate specialists should
review and approve the submitted data for
content and compl eteness.

2-55 TEST VERSUS SPECIFICATION
MATRICES

A useful method of portraying test
requirements is the test versus specification
matrix. One such matrix isthe environ-
mental test method versus the specification.
Such matrices may be developed at the
component, subsystem, and system levels.
Another useful matrix shows the test proce-
dures and test reports cross-referenced to the



AQS requirements. Also system perform-
ance specification requirements are cross-
referenced to the specific test procedures and
test reports, which substantiate the achieve-
ment of the requirement. Table 2-4, “Test
vs Specification Matrix”, provides an ex-
ample of the information to be included.

2-5.6 CONTRACTOR FLIGHT
RELEASES

A Contractor Flight Release (CFR) is
atechnical document and transmittal letter
signed by the appropriate PCO authorizing
an element of industry to operate an Army
air vehicle of an approved configuration
within prescribed limitations by using es-
tablished procedures. The purpose of a CFR
isto control to areasonable level therisk to
Government assets and the amount of liabil-
ity. A CFR isused when the Government
holds ground and flight risk and a contractor
pilot is the pilot-in-command. When a CFR
isissued, the air vehicleis believed to be
safe, and it is believed that no unduerisk is
being taken on the part of the flight crew,
the contractor’ s management, or the Gov-
ernment. A CFR isusually required for ini-
tial ground and flight testing, i.e., prior to
initial engine run-up, rotors turning, ground
resonance testing, etc., provided that the air
vehicle and property are not covered by a
separate lease agreement. CFRs are not in-
tended to be controlling configuration man-
agement documents, although they arere-
lated to approved configurations. Asde-
scribed in AR 95-20, Volume 2, Govern-
ment Flight Representative Guidance,
(Ref. 5), the Government Flight Representa-
tive (GFR) isresponsible for the surveil-
lance of all contractor flight operationsin-
volving Government air vehicles and other
air vehicles for which the Government is
assuming some of therisk of loss or dam-
age. The GFR approves flight crew mem-
bers, qualification training, and the contrac-
tor’ sflight operations procedures. Appendix
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C provides a detailed discussion of there-
guirements for a contractor flight release.

2-5.7 AIRWORTHINESS RELEASES

An Airworthiness Release (AWR) is
atechnical document that providesinterim
operating and maintenance information nec-
essary for safe flight operation of an air ve-
hicle system, subsystem, and allied equip-
ment. The significant difference between a
flight release for industry and an Airworthi-
ness Release for Government operation of
an Army air item isthat of safety assurance.
When an AWR isissued, the air vehicleis
known to be safe based on analyses, dem-
onstration of air vehicle and equipment, and
demonstration of limitations, or a determi-
nation has been made that the remaining
risks are acceptable. An AWR isrequired
prior to operation of anew air vehicle sys-
tem or afielded air vehicle system that has
undergone a maor modification. Also an
AWR isrequired prior to operation of an air
vehicle with Federal Aviation Administra-
tion (FAA), US Air Force (USAF), Nationa
Aeronautics and Space Administration
(NASA), or US Navy (USN) airworthiness
approval if the air vehicle has been modified
without certifying agency approval. Finaly,
an AWR isrequired anytime an Army pilot
is going to be the pilot-in-command of a
nonstandard configured air vehicle or an air
vehicle that has not been issued a Statement
of Airworthiness Qualification (SAQ). The
SAQ may beissued temporarily asan in-
terim SAQ after qualification is essentially
complete but pending final documentation
approval.

Appendix D provides adetailed dis-
cussion of the elements of an Airworthiness
Release.
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TABLE 2-4. TEST VSSPECIFICATION MATRIX

SYSTEM TEST, SURVEY, AND PIDS
SPECIFICATION DEMONSTRATION SOW AQS DOCUMENT
PARAGRAPH REQUIREMENTS WBS PARAGRAPH | PARAGRAPH NUMBER REMARKS
32721 Shake Test 3322 C.3.14B 285.24.1 N/A Requires MMA mass model dummy. IAW Section 5.1 of ADS-27.
32722 ADS-1 1AW Ground Test Plan. Document Number M SIPOO0050-205,
321151 Rev. B, Appendix N
32721 Flight Vibration Survey 5321 C.3.19A 3.85.24.2 N/A ADS-1, Section 4.0 of ADS-27
32722 5333
32115
321151
3.2.7.1,3.7.15and | Crew Environmental Survey 511A C3.16 3.85.2.3 DRC-P-H101890 For additional information see ADS-1, ADS-9, and ADS-27. Also see
sub 5322 C.3.13B M SIPO0050-212P, M SIP0O00050-205, Rev. B, Appendix T.
5331 C3.14A
5334 C.3.14D
534 C.3.15
3.7.154 Environmental Control Sys- 511A C31G 3.85.25 DRC-P-H101930
3.7.154.1 tem Test 5333 c.314.C 3.85.2B
3.7.154.2
3.7.154 ECS Demonstration 511A C31G 3.85.3.8 DRC-P-H100030A | LRU lossof cooling air aircraft IAW design curve
5332 DRC-P-H101930
5333
3783 IPAS Demonstration 511A C3.1F 3.85.35 DRC-P-H100330A
3.7.832 5117 C.3.14B 3.85.86 DRC-P-H101930
3.7.839 5332 c.314.C
5333
3.7.12 through Armament Fire Control and 5331 C.3.14.A 38524 DRC-P-H106000A | Survey with Hellfire missile, folding fin aerial rockets, and turreted
3.7.12.7 System Survey 5333 c.314.C DRC-P-H400030A | gun.
53334 C.3.15
534
3.7.6.2 Flight Controls Handling 5333 c.3.14.C 2.85.2.8 DRC-P-H1000SQA | Aircraft only, no FCR LRUs required
Qualities System Survey DRC-P-H1032SQA
3.710t03.7.11 Communications Subsystem 513 C3.2 3.85.29 DRC-P-H300730A | Survey as needed to characterize fully antenna subsystem perform-
Survey 5322 C.3.10.D ance.
5332 C.3.13B
5333 C.3.14B
C.3.14.C
3.7.10t03.7.11 Communications Subsystems 513 C32 3.85.3.10 DRC-P-H300730A
Demonstration 5322 C.3.13B
5332 C.3.14B
5333 C.3.14.C
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WBS = Work Breakdown Structure SOW = Statement of Work AQS = Airworthiness Qualification Specification PIDS = Prime Item Devel opment Specifi-
cation
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2-6 REQUIREMENTSTAILORING
The subparagraphs that follow dis-
Cuss requirements tailoring concepts appli-
cable to design, development, and airworthi-
ness qualification. The primary benefits of
tailoring are the reduction in time and funds
required for development and qualification.

2-6.1 GENERAL PHILOSOPHY

“Tailoring” describes the selective
application of standards and specificationsin
the design and development process. Selec-
tive application includes use of only a por-
tion of the standard or specification, modifi-
cations of the standard or specification, or
use of an aternative standard or specifica
tion. To ensure the suitability of anitem or
process for a specific application and to es-
tablish feasible, cost-effective design re-
quirements, all design attributes should be
considered. Tailoring is amethod of con-
trolling the extent to which the specification
dictates design detail, which can inhibit in-
novation. The degree of tailoring is afunc-
tion of the type of development. For amajor
or minor new development program, tailor-
ing may be minimal. For nondevelopmental
items or modification programs, tailoring
could be extensive to take into account the
previous qualification efforts and demon-
strated use. Tailoring may be applied to the
level (component, subsystem, or system) for
which specific testing will be required.
Tailoring may also be applied to the extent
of data and documentation required to be
furnished to the Government as well asto
the ownership of the design and data.

2-6.2 CONSIDERATIONS

There are three primary considera-
tions that enter into all tailoring decisions.
These are technical relevance, assessment of
risk, and resource requirements. An appli-
cation of these considerations would be the
need for additional airworthiness qualifica-
tion for an item that has already undergone
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similar qualification, e.g., Federal Aviation
Administration or foreign agency certifica-
tion. The questions to be answered are then

1. How similar are the qualification
conditions to the new intended use of the
system (technical relevance)?

2. What consequences result from
not performing certain qualification efforts
(risk assessment)?

3. What are the cost and schedule
requirements associated with the qualifica-
tion effort (resources)?

2-6.2.1 Technical Relevance

Technical relevance deals with the
degree to which a specification requirement
is applicable to the situation under consid-
eration. For example, agenera specifica-
tion requirement for new equipment may
deal with conditions that may not be encoun-
tered by alimited use system. The require-
ment could be modified or tailored on the
basis of technical relevance. For modified
eguipment the requirement to comply fully
with current standards may be waived
(tailored) because these standards were not
in force at the time of the original design.
Secondary and indirect effects must aso be
considered. If, for example, it is decided to
tailor the requirement to delete shipboard
compatibility because it is not currently
applicable, it may later be necessary to pro-
vide that capability due to changing circum-
stances in the future use of the system. Ac-
cordingly, the design may be required to be
compatible, but testing and qualification
may be deleted for the present program.

2-6.2.2 Assessment of Risk

Whenever atailoring decision is un-
der consideration, thereisarisk that the de-
cision may ultimately have a negative im-
pact. The decision maker’sjudgment as to
the probability of occurrence of the undesir-
able event along with the impact (severity)
of the event combine to form an assessment



of risk. Thistechnique of combining sever-
ity and probability is discussed further in
Chapter 3. A factor that entersinto assess-
ing severity isthe ease with which corrective
actions for the undesirable event can be im-
plemented. Obvioudly, easy fixes have low
severity. The amount of tailoring adecision
maker allows should be related to the prob-
ability and severity of risk. Astherisk in-
creases, the amount of allowed tailoring of
standards and specifications should de-
crease.

2-6.2.3 Resources

Achievement of full specification or
standard compliance may require an inordi-
nate amount of resources. When arequire-
ment is tailored on the basis of resource re-
quirements, it is necessary to determine the
value of the effort by means of economic
analysisthat considers the cost of test
specimens, facilities, and conducting tests.
This value must be compared with the cost
and benefit of other program activities to
ensure that activity priorities are still valid.
Requirement specifications and standards
are not generally tailored because of pro-
gram funding constraints alone. However,
tradeoffs should provide the most cost-
effective system that meets the overall sys-
tem performance requirements. If itisde-
termined that tailoring to reduce cost by re-
ducing resources is not prudent, the impact
of requesting additional funds or resources
must be assessed against negative impacts
on program viability if preestablished
thresholds would be breached.

2-7 OTHER AIRWORTHINESS
CRITERIA ADOPTION

In addition to the US Army, the US
Air Force, the US Navy, the Federal Avia-
tion Administration, and the National Aero-
nautics and Space Administration also pro-
vide airworthiness qualification and certifi-
cation. Their criteriaare similar in that they
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seek to ensure that air vehicles operated un-
der their cognizance are safe. They differ in
that they serve different needs. In addition
to safety the military agencies concern
themselves with the military utility and ef-
fectiveness required by the various services.
AR 70-62, Research and Development Air-
worthiness Qualification of US Army Air-
craft Systems, (Ref. 6) documents policy for
airworthiness qualification of air vehicle
systems, subsystems, and allied equipment
undergoing development and for major
modifications to standard and nonstandard
air vehicles. It aso implements policy for
issuance of airworthiness releases for flight
performance and operational flight evalua-
tion testing of domestic and foreign-made
commercial air vehicles with potential mili-
tary application, modified surrogate air ve-
hicles, and foreign military air vehicles.

2-7.1 CIVIL AGENCIES

The FAA or NASA certification
would be adopted for systems whose exist-
ing performance limits are similar in nature
to the military requirements because the air
vehicle was designed for asimilar intended
use. Some Army rotorcraft were certified
under 14 CFR, Part 27, Airworthiness Stan-
dards: Normal Category Rotorcraft, (Ref.
7). Other aircraft were certified under 14
CFR, Part 23, Airworthiness Standards:
Normal Utility, Acrobatic, and Commuter
Category Airplanes, (Ref. 8) or 14 CFR,
Part 25, Airworthiness Sandards: Transport
Category Airplanes, (Ref. 9). The extent to
which the intended military use differs from
the previous certified flight envelope and
environment dictates the extent of partial or
complete requalification necessary.
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TABLE 2-5. SELECTED FEDERAL AVIATION REGULATIONS

PART TITLE APPLICATION
1 Definitions and Abbreviations General definition of terms
21 Certification Procedures for Products and Procedural requirements for type certificates,

Parts

materials, parts, and processes

23 Airworthiness Standards: Normal, Utility,
and Acrobatic Category Airplanes

Performance, flight characteristics, controllability and
maneuverabhility, and stability

25 Airworthiness Standards: Transport Category

Performance, flight characteristics, controllability and

Airplanes maneuverahility, and stability

27 Airworthiness Standards: Normal Category Performance, flight characteristics, controllability and
Rotorcraft maneuverabhility, and stability

29 Airworthiness Standards: Transport Category | Performance, flight characteristics, controllability and
Rotorcraft maneuverahility, and stability

33 Airworthiness Standards: Aircraft Engines Reciprocating and turbine engine design,

construction, durability, and safety
35 Airworthiness Standards. Propellers Propeller design, construction, and test
39 Airworthiness Directives Reporting of unsafe conditions in parts or products

91 General Operating Flight Rules

Rules governing aircraft operations within the
United States

125 Certification and Operations: AirplanesHav- | Certification procedures, crew requirements,
ing a Seating Capacity of 20 or More Pas- and flight operations rules
sengers or a Maximum Payload Capacity of
6000 Pounds or More
133 Rotorcraft External--Load Operations Operation and certification rules for aircraft with

external loads in the United States

Table 2-5 presents those air vehicle charac-
teristics that could be adopted based on FAA
certification. It should be noted that the
FAA, becauseit is aregulatory agency, cer-
tifiesto aminimum level of safety and does
not qualify performance utility for any in-
tended use. Also FAA regulations are not
generdly retroactive.

2-7.2 MILITARY

The circumstances under which other
US miilitary certification would be adopted
are those for systems similar enough in na-
ture and intended use. The extent to which
the intended US Army miilitary use and
previous certification efforts differ dictates
the extent of partial or complete requalifica-
tion necessary. The discussions of par. 2-6,
“Tailoring”, apply here.

2-7.3 FOREIGN

The circumstances under which for-
eign certification would be adopted are those
for systems similar enough in nature and
intended use and for which there exists a
foreign agency approval recognized by aUS
agency or aUS international agreement.
Again, the extent to which the intended
military use and previous certification ef-
forts differ dictates the extent of partial or
complete requalification necessary. The
discussions of par. 2-6, “Tailoring”, apply
here.

2-8 AIRWORTHINESS
QUALIFICATION SUBSTANTIATION
REPORT (AQSR)

An Airworthiness Qualification
Substantiation Report is prepared and pub-
lished upon successful completion of the
airworthiness qualification program. The
AQSR isthefinal report summarizing the
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results of the airworthiness qualification ef-
fort and detailing specification compliance.
Its purpose is to provide a single document
to trace the airworthiness qualification deci-
sion. The report should be revised as needed
to document subsequent modifications and
airworthiness decisions.

2-8.1 VOLUME I—AIRWORTHINESS
QUALIFICATION FINAL REPORT

Volume| of the AQSR, Airworthi-
ness Qualification Final Report, summarizes
the qualification program and system per-
formance limits. It provides a description of
the air vehicle, adescription of the airwor-
thiness qualification program including pro-
gram schedule and test program summary, a
structural demonstration summary, compo-
nent lives, operating restrictions, and a
gualification data summary and index for
both contractor data and Government data.
Appendix F, subpar. F-2.1, provides ade-
tailed discussion of the first volume of the
AQSR.

2-8.2 VOLUME II—SPECIFICATION
COMPLIANCE BY PARAGRAPH

Volume Il of the AQSR, Specifica-
tion Compliance by Paragraph, documents
each system performance specification re-
sult. It provides a paragraph compliance list
with areference to the proof of compliance.
Appendix F, subpar. F-2.2, provides a de-
tailed discussion of the second volume of
the AQSR.

2-9 STATEMENT OF
AIRWORTHINESS QUALIFICATION

(SAQ)

A Statement of Airworthiness
Quadlification isafina AWR that isissued in
conjunction with the AQSR. The statement
is based on the final results of engineering
tests conducted on the air vehicle and its
subsystems or allied equipment. |ssuance of
this statement coincides with type classifi-
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cation Standard A, if applicable, and nor-
mally completes the airworthiness qualifica-
tion program. The SAQ contains a descrip-
tion of the configuration of the air vehicle,
operating instructions and procedures, limi-
tations and restrictions, and requirements for
sustaining airworthiness. Appendix E con-
tains a detailed discussion of the SAQ.



15AUG 96
ROTORCRAFT AND AIRCRAFT QUALIFICATION

REFERENCES
1. DODR 5000.2-R, Mandatory Procedures for Defense Acquisition Programs (MDAPS) and
Major Automated Information Systems (MAIS) Acquisition Program, 15 March 1996.

2. AR 702-3, Army Material Systems Reliability, Availability, and Maintainability,
1 May 1982.

3. AR 700-127, Integrated Logistic Support, 16 December 1986.

4. DA PAM 73-1, Operational Testing and Evaluation Methodology and Procedures Guide, 15
October 1979.

5. AR 95-20, Contractor’s Flight Operations, 3 April 1979.
6. AR 70-62, Airworthiness Qualification of US Army Aircraft Systems, 15 July 1978.

7. 14 CFR, Part 27, Airworthiness Sandards: Normal Category Rotorcraft, US Government
Printing Office, Washington, DC, 1 January 1994.

8. 14 CFR, Part 23, Airworthiness Sandards. Normal Utility, Acrobatic, and Commuter Cate-
gory Airplanes, US Government Printing Office, Washington, DC, 1 January 1994.

9. 14 CFR, Part 25, Airworthiness Sandards: Transport Category Airplanes, US Government
Printing Office, Washington, DC, 1 January 1994.

2-17



15 AUG 96
ROTORCRAFT AND AIRCRAFT QUALIFICATION

CHAPTER 3
SYSTEM SAFETY

This chapter presents the system safety aspects of air vehicle qualification. Top-
icsinclude the system safety process, safety and hazard analysis, and flight safety parts.
In addition, requirements are presented for the System Safety Program, System Safety
Management Plan, and System Safety Program Plan.

3-1 INTRODUCTION

System safety isdefined as“The
application of engineering and manage-
ment principles, criteria, and techniques
to optimize safety within the constraints
of operational effectiveness, time, and
cost throughout all phases of a system
life cycle.”, MIL-STD-882, System
Safety Program Requirements, (Ref. 1).

A System Safety Program (SSP)
isaformal approach to elimination of
hazards through engineering design and
analysis, management, and supervisory
control of conditions and practices. The
SSP encompasses the accomplishment of
system safety management, research,
and engineering tasks and is an essential
element of the airworthiness qualifica-
tion of the system.

Typica air vehicle system safety
tasks during the devel opment process are
depicted in Fig. 3-1. Milestones or
checkpoints for system safety within the
development process should be estab-
lished at the outset of an air vehicle de-
velopment program. Typical milestone
tasks delineated in MIL-STD-882
(Ref.1) are shown in Fig. 3-1 opposite
the equivalent tasksin the air vehicle
development process. (These milestones
are considered only typical and not nec-
essarily complete in number.) The sys-
tem safety activity startsearly in the
conceptual stage of air vehicle design
and continues throughout the entire
process. The system safety process de-
scribed in this chapter is applied in an

iterative manner as the program pro-
gresses.

3-2 OBJECTIVES

The objectives of an SSP are to
ensure that

1. Safety, consistent with mis-
sion regquirements, is designed into the
system in atimely, cost-effective man-
ner.

2. Hazards associated with each
system are identified, evaluated, and
eliminated, or the associated risk isre-
duced to alevel acceptable to the manag-
ing activity (MA) throughout the entire
life cycle of asystem. Risk should be
described in risk assessment terms.

3. Historical safety data, includ-
ing lessons learned from other systems,
are considered and used.

4. Minimum risk is sought in
accepting and using new designs, mate-
rials, and production and test techniques.

5. Actions taken to eliminate
hazards or reduce risk to alevel accept-
ableto the MA are documented.

6. Retrofit actions required to
improve safety are minimized through
the timely inclusion of safety features
during research and development and
acquisition of a system.

7. Changesin design, configura
tion, or mission requirements are ac-
complished in a manner that maintains a
risk level acceptable to the MA.
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8. Considerationisgivento
safety, ease of disposal, and demilitari-
zation of any hazardous materials asso-
ciated with the system.

9. Significant safety data are
documented as “lessons learned” and are
submitted to data banks as proposed
changes to applicable design handbooks
and specifications. (Ref. 2)

3-3 SYSTEM SAFETY PROCESS

The system safety processis
shown graphicaly in Fig. 3-2 and de-
scribed in the subparagraphs that follow.
This process shows alogical approach to
attaining the system safety objectivesin
par. 3-2. The processis repeated as nec-
essary in an iterative fashion at every
level of complexity in the design of a
system until the requisite assurance of
the system hazard level isattained. An
integral part of the system safety process
is hazard tracking, which isaclosed loop
system used to identify, monitor, and
eliminate hazards. Hazard tracking is
developed early in the system safety
process and is used throughout the proc-
ess to document and track hazards and
the progress made toward resol ution of
the associated risk.

3-3.1 KNOWN PRECEDENT
(BLOCK A, FIG. 3-2)

From the beginning a System
Safety Program should be based on the
experience and knowledge gained from
previous operations in correcting design
deficiencies that have resulted in the ac-
cidental loss of or damage to materiel or
injuries or death to personnel. Those
design features categorized previously as
having hazards are also identified, and
the hazards corrected if required. Itis
essential that designers of future air ve-
hicles benefit from all previous experi-
ence that affects safe operation.

3-3

3-3.2 SYSTEM DELINEATION
(BLOCK B)

The boundaries of the system
under consideration and its constituent
elements are defined clearly as early as
possible and revised as required during
the system life cycle. Such delineation
establishes the limits for succeeding
steps in the process and reduces complex
systems to manageable parts. Any entity
can be labeled a“system” provideditis
accurately defined.

3-3.3 IDENTIFICATION OF
FLIGHT SAFETY PARTS
(BLOCK C)

Flight safety parts are parts
whose failure or malfunction could result
in an unsafe condition. The handling of
flight safety partsisdiscussed in
par. 3-13.

3-3.4 SYSTEM HAZARD
ANALYSIS (BLOCK D)

The heart of system safety isthe
analysis of asystem and its elementsin a
methodical manner. Beginning with
preliminary hazard analyses of design
concepts and continuing through an in-
tegrated hazard analysis of the complete
system, this analytical process distin-
guishes system safety from other sepa-
rate, but closely interfacing, disciplines.
The contractor should select the meth-
odology and techniques for hazard
analysis best suited for the particular
system element under consideration and
for the applicable level of detail design.
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3-3.5 HAZARD IDENTIFICATION
(BLOCK E)

By using systematic hazard
analyses, the design engineer identifies
those features of a system that poten-
tially may cause damage, loss, or injury.
Such identification assists the designer
in hisor her initia efforts by calling at-
tention to undesirable features or defi-
ciencies that can be either eliminated or
controlled efficiently early in the design
process. Asthe design proceeds, addi-
tional hazards are identified through the
system safety process.

3-3.6 HAZARD
CATEGORIZATION AND
EVALUATION (BLOCK F)

Itisimpractical to eliminate all
hazards identified in asystem. The ap-
propriate action to be taken as aresult of
hazard identification depends on how
often the hazard occurs, i.e., frequency,
and the impact of the consequences that
result from the hazard occurring, i.e.,
severity. The factors of hazard fre-
guency and severity establish the resid-
ual risk of the system. Categorization of
hazards according to criteria specified by
the procuring activity servesto guide
corrective action based upon assessment
of the potential residual risk. Evaluation
of identified hazards and hazard risk
management require relating a hazard to
its impact on mission effectiveness, sys-
tem performance, and program success.
This categorization and evaluation are
essentia parts of the decision-making
process to determine appropriate correc-
tive action.

3-5

3-3.7 ACTION(S) TO ELIMINATE
OR CONTROL HAZARD(S)
(BLOCK G)

The system safety process pro-
duces no useful result until some action
istaken to eliminate or control identified
hazards. The effect of alternative
courses of action in the design process
and tradeoff studies to eliminate or con-
trol identified hazards should be consid-
ered. Thus management is presented
with atool with which decisions can be
made based on other program con-
gtraints.

3-3.8 MODIFICATION OF SYSTEM
ELEMENTS (BLOCK H)

Any action taken in Block G
necessarily results in the modification of
some element or elements of the air ve-
hicle system. Asaresult, the delineation
of the system (Block B) should be re-
vised accordingly. The system safety
process is then repeated as required until
no unacceptable additional hazards are
generated by the system modification.
This step ensures that a new hazard is
not inadvertently introduced into the
system while another hazard is being
eliminated.

3-3.9 EFFECTIVENESS
EVALUATION OF ACTION TAKEN
(BLOCK I)

Actions taken to correct hazards
as aresult of the system safety process
are evaluated on how effectively they
achieve the system safety objective. A
satisfactory evaluation resultsin in-
creased assurance in the level of safety
of the system (Block L).



3-3.10 ACCIDENT OR INCIDENT
ANALYSIS(BLOCK J)

The occurrence of an accident or
incident of course leads to an unsatisfac-
tory evaluation. The analysis of such an
accident or incident experience should
reveal any deficiencies in the conduct of
the system safety program and direct
corrective action to the appropriate step
in the process.

3-3.11 COMPONENT AND/OR
SYSTEM TEST AND
DEMONSTRATION (BLOCK K)

Analytical techniques alone are
not sufficient to identify system hazards
adequately, and thisinadequacy is de-
termined in Block I. Tests and demon-
strations normally conducted as part of
an air vehicle development program are
planned and conducted to reveal such
inadequacies. In addition, these tests
and demonstrations serve to verify the
results of the system safety process and
to contribute to the assurance desired.
Should system testing reveal additional
problems, corrective action is applied at
the appropriate step in the process.

3-3.12 INCREASED SAFETY
ASSURANCE (BLOCK L)

The assurance that the objectives
of system safety are being met is cumu-
latively increased as the program pro-
gresses and contributes increased knowl-
edge to subsequent cycles of the process
(Block A).

3-3.13 AIRWORTHINESS
QUALIFICATION (BLOCK M)
Ultimately, the system safety
process results in data and information
that serve as an essential element of air-
worthiness qualification. The methods
and procedures to be followed are pre-
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scribed in the Airworthiness Qualifica
tion Specification (AQS).

3-4 ANALYTICAL
METHODOLOGIESAND
TECHNIQUES

Hazard analysisis the heart of
the system safety process and requires
inductive thought as well as deductive
reasoning. An anaysis may be either
gualitative or quantitative. A qualitative
anaysisis generally conducted first to
provide a departure point for the quanti-
tative analysis. A qualitative analysis
examines events to determine the possi-
ble existence of hazards, the accidents
that could result, possible effects, and
safeguards. A quantitative analysis
permits comparison of the changesin
probabilities if safeguards or aternative
designs are used in the system. Results
of quantitative analysis may be probabil-
istic or relativigtic, i.e., using compari-
sons based on judgment.

The ultimate purpose of hazard
analysisisto aid management in reach-
ing the determination that the objectives
discussed in par. 3-2 have been achieved
within the constraints of the particular
air vehicle development program. In
addition, these analyses form a baseline
which can be evaluated objectively by
someone other than a system safety
analyst to measure the effective influ-
ence of subsequent design changes.

There are several types of widely
used analyses for system safety. Selec-
tion of the analytical methodology or
technique to be used in a given program
isthe responsibility of the contractor and
depends upon the level of detail required
by program phases, requirements for
gualitative and quantitative results, and
the particular capabilities devel oped by
the contractor. Methodology selection
should maximize use of the design detail
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available at the particular phase of the
program to ensure the analysisis as
comprehensive as possible, and is thor-
ough and accurate. MIL-STD-882 (Ref.
1) should be used as a guide for analy-
ses, methods, and techniques. Also
MIL-HDBK-764, System Safety Design
Guide for Army Materiel, (Ref. 2) may
be used as aguide.

MIL-HDBK-764 describes tech-
niques of analysis such as fault hazard
anaysis (FHA), fault tree analysis
(FTA), sneak circuit analysis (SCA), and
failure, modes, effects, and criticality
analysis (FMECA) that have value for
hazard analysis. In addition, Ref. 2
identifies analysis techniques, such as
circuit logic analysis, interface analysis,
mapping, Monte Carlo simulation, con-
tingency analysis, environmental factors
analysis, critical incident technique, and
mock-ups, that can be used to support
these analyses.

3-5 KNOWLEDGE OF HAZARDS

The system safety analyst should
have a thorough knowledge not only of
air vehicle engineering but also of haz-
ardous conditions.

For example, mgjor rotorcraft
configurations—such as the type of ro-
tor, e.g., articulated or bearingless, the
method of directional control, and the
control system concept—have inherent
safety implications. The tradeoffs used
to reach a decision regarding these con-
figurations should include system safety
considerations. In addition, hazards are
more likely to be present at interfaces
between subsystems than within asingle
subsystem. Some examples of possible
interfaces that could lead to hazards are
fuel system to engine fuel lines, clear-
ance between components, and connec-
tors that can be improperly installed.

The system safety analyst must
also be aware of those conditions that
have been proven by past experience to
be hazardous for air vehicles. The con-
sideration of hazards must not be limited
to those conditions involving only hard-
ware. Software isan important consid-
eration. Also theinteractions of air ve-
hicles with personnel who operate and
maintain them and those between per-
sonnel and the environment in which the
air vehicles are used provide potentialy
hazardous conditions, which should be
considered during design. Some exam-
ples of possible interrel ationships that
could lead to hazards are the height of
the main rotor above the ground and the
location of the pilot with respect to the
rotor path.

3-6 CLASSIFICATION OF
HAZARDS

Sinceit isimpossible to elimi-
nate or control all hazards, they are
usually ranked by degree of severity, i.e.,
consequences in operation of the air ve-
hicle. Four hazard levels ranging from
negligible to catastrophic are defined and
established in MIL-STD-882. These are
listed in Table 3-1 aong with their effect
on personnel safety, examples of func-
tional hazards, and definitions. Table 3-
2 provides MIL-STD-882 probability
levels along with an example of quanti-
tative probabilities. Quantitative prob-
abilities should be developed for each
weapon system to meet specific program
requirements. For any given hazard a
degree of severity and probability of oc-
currence may be assigned. Table 3-3
shows how those two aspects of a hazard
may be combined to arrive at arisk

TABLE 3-1. HAZARD SEVERITY CATEGORIES
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EXAMPLES OF
FUNCTIONAL EFFECT ON
DESCRIPTION CATEGORY HAZARDS PERSONNEL DEFINITIONS
CATASTROPHIC | System nonfunctional; not Personnel suffer death or Death, system loss, or
economically salvageable. serious or multiple injuries severe environmental
Total loss. precluding return to current damage.
duties.
CRITICAL I Major subsystem(s) no n- Personnel suffer serious or Severeinjury, severe
functional. Hazard requires multiple injuries requiring occupational illness,
immediate corrective a ction. | extended rehabilitation major system or env i-
before return to current ronmental damage.
duties.
MARGINAL 11 Flyable aircraft; mission Personnel suffer injury Minor injury, minor
equipment or one of redu n- requiring short-term rec u- occupationd illness, or
dant subsystems nonfun c- peration before return to minor system or env i-
tiona. Hazard can be cou n- current duties. ronmental damage.
teracted or controlled.

NEGLIGIBLE v Mission capable with minor Personnel suffer minor Lessthan minor i n-
performance loss or no injury that does not interrupt | jury, occupational
immediate effect. Deferrable | current duties. illness, or less than
mai ntenance. minor system or env i-

ronmental damage.
TABLE 3-2. HAZARD PROBABILITY
EXAMPLE: MEAN
OPERATING EXAMPLE: EXPECTED
GENERIC DEFINITION HOURS NUMBER OF OCCURRENCES
DESCRIPTION LEVEL (MIL-STD-882) BETWEEN PER 100,000 FLIGHT HOURS
OCCURRENCES
FREQUENT A Likely to occur frequently <10 > 10,000
PROBABLE B Will occur severd timesin life 10- 100 1000 - 10,000
of item
OCCASIONAL C Likely to occur sometime 100 - 1000 100 - 1000
during life of item
REMOTE D Unlikely but possible to occur 1000 - 10,000 10 - 100
in life of item
IMPROBABLE E So unlikely, it can be assumed > 10,000 <10
occurrence may not be exper i-
enced

severity category. The table aso shows
that for each risk severity category, a
level of Army management authority has
been assigned to accept the residual risk
associated with the particular hazard in
guestion. For example, arisk whose
hazard severity isjudged to be “critical”
and whose hazard probability is
“probable” would have arisk severity
category of “HIGH” associated with it.
For an Army Materiel Command
(AMC)- Aviation (Table 3-3(A))-
developed system, the Commander
AMC would be the management author-
ity for acceptance of a“HIGH”-risk haz-

3-8

ard. For an Aviation-Program-
Executive-Office (PEO) (Table 3-3(B))-
developed system, the Army Acquisition
Executive (AAE) or his designee would
be the management authority level for
acceptance of a“HIGH”-risk hazard.
Similarly, for a hazard whose severity is
considered “negligible’ and whose haz-
ard probability is frequent, the corre-
sponding hazard risk assessment is
“LOW”. The program manager or
equivalent is the management authority

for the acceptance of a“LO

" risk.
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TABLE 3-3. RISK SEVERITY CATEGORY MATRIX

LEVEL DECISION
AUTHORITY

(A) ARMY MATERIEL COMMAND -AVIATION
SYSTEM SAFETY MANAGMENT DECISION AUTHORITY MATRIX

HAZARD PROBABILITY

HIGH CGAMC
MEDIUM MSC CDR*
FREQUENT | PROBABLE | OCCASIONAL | REMOTE | IMPROBABLE
LOW PMS/ITEM
MGRs
SEVERITY A B C D E

CATASTROPHIC

CRITICAL

MARGINAL

NEGLIGIBLE

v

*CG AMC if PMs report directly to HQ AMC

LEVEL DECISION
AUTHORITY

Il MEDIUM

(B) AVIATION PROGRAM EXECUTIVE OFFICE
TAILORED SYSTEM SAFETY MANAGEMENT DECISION AUTHORITY MATRIX

HAZARD PROBABILITY

HIGH AAE or DESIGNEE
MEDIUM  PEOor EQ
FREQUENT PROBABLE OCCASIONA REMOTE IMPROBABL
LowW PM or EQ L E
SEVERITY A B C D E
CATASTROPHIC |
CRITICAL I
MARGINAL Il MEDIUM
NEGLIGIBLE v
CGAMC = Commanding General, US Army Materiel Command
MSC = major subordinate command
CDR = commander
PM = program manager
MGR = manager
PEO = program executive office
EQ = equivaent

3-9




The decision authority matrix can be
tailored upon authorization from the
“HIGH” risk hazard authority. Both ex-
amplesin Table 3-3 are tailored for
aviation. Thetablesareidentical except
for the decision level authorities.

3-7 RESOLUTION OF HAZARDS
Hazards are resolved through
elimination or control. Documentation
of actionsis by means of substantiation
of hazard resolution. These two aspects
of system safety—hazard control and
substantiation—are addressed in the
subparagraphs that follow.

3-7.1 CONTROL METHODS

MIL-STD-882 discusses methods
of resolving hazards. The first and most
desirable method is to eliminate an iden-
tified hazard by selection of adesignin
which the hazard does not appear. If
elimination of a hazard isimpossible or
uneconomical, the next step isto make
the design tolerant of the hazard.

Three ways of making adesign
tolerant of identified hazards are stipu-
lated in MIL-STD-882 in descending
order of desirability. Thefirst aterna-
tive isto reduce the significance of the
hazard through the use of appropriate
safety devices. Ideally, such devices
should not require human intervention
but should operate automatically if the
specified hazardous condition arises.

The next choiceisto place
warning devices in the system to make
known to the crew the existence of a
hazardous condition. These devices
would require human intervention to re-
spond to the warning produced. Audio
or visual indicators are commonly used
in these instances, but thereis alimit to
the number of such devicesthat can be
effectively used in one system design.
Also such features must be coordinated

3-
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closely with the human factors engineer-
ing function.

Thefina and least desirable
choice isto prepare, disseminate, and
enforce specia operating procedures for
an identified hazardous condition. How-
ever, these procedures are aweak link in
achievement of system safety because of
the inability to verify communication of
the procedure to the person who must
operate in accordance with such proce-
dures.

3-7.2 SUBSTANTIATION OF
HAZARD RESOLUTION

Once each possible hazard has
been analyzed for its significance and
resolution of the hazard is determined,
thereis need for assurance that proper
corrective action has been taken. This
can be accomplished by inspections,
additional analyses, and design reviews.
Catastrophic, critical, and other identi-
fied hazards should not rely solely on
warnings, cautions, or procedures for
control of risk.

A particular type of design re-
view that can be effective for system
safety is an electronic mock-up review.
Functional mock-ups can also become an
excellent method of identifying addi-
tional potential hazards. Also an elec-
tronic mock-up brings the subsystems
together at an early stage, i.e., beforein-
terface problems become too expensive
to change.

Fig. 3-3, taken from MIL-
HDBK-764(MI) (Ref. 2), provides a
sample format for documenting the
identification, risk assessment, and cor-
rective action for hazards. There are also
automated hazard-tracking systems that
can serve this purpose.
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The System Safety Risk Assess- provides a comprehensive evaluation of
ment (SSRA), as defined by Army the safety risk being assumed for asys-
Regulation (AR) 385-16, System Safety tem. It contains identification of the
Engineering and Management, (Ref. 3), item or system, and for each re
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sidual hazard, a description of the hazard
and its severity and frequency, a source
document or reference, aternative ac-
tions that could reduce the hazard level,
and a recommendation from the project
office regarding risk acceptance. Addi-
tionally, the SSRA includes recommen-
dations from the appropriate safety man-
ager, the combat devel oper, and the ma-
teriel developer as to acceptability of the
residual risk. Finally, the decision of the
appropriate acquisition manager is also
recorded in the SSRA.

The Health Hazard Assessment
(HHA) is performed by applying bio-
medical and psychological knowledge
and principles to identify, evaluate, and
control the risk to the health and effec-
tiveness of personnel who test, use, or
service the system. Theresults of the
HHA should be included as an adden-
dum to another required analysis report,
such as the System Hazard Analysis Re-
port. The HHA task and format should
not be confused with the Health Hazard
Assessment Report (HHAR), whichis
prepared by the Government using data
provided by the HHA.

Fig. 3-4, taken from Ref. 4,
shows a sample Safety and Health Data
Sheet which might be used as part of the
internal control process of an organiza-
tion to record health and safety actions.
The Safety and Health Data Sheet aong
with System Safety Risk Assessments
are also documentation requirements
supporting the materiel release process.

3-8 SYSTEM SAFETY
MANAGEMENT PLAN

The System Safety Management
Plan (SSMP) is adescription of the
planned methods to be used by the Gov-
ernment to monitor the contractor's sys-
tem safety program and to manage the

3-
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system safety risks associated with re-
Sidual hazards.

3-8.1 PURPOSE

The purpose of the SSMPisto
define formally the responsibilities and
authorities related to the system safety
aspects of a program.

3-8.2 CONTENTS

Typicaly, the SSMP defines the
internal management responsibilities of
the Government, schedule, and proce-
dures for accomplishment of the system
safety management functions that fol-
low:

1. Coordinate and execute pro-
cedures to assure appropriate interface
with other management functions, e.g.,
guality assurance, maintenance, research,
and development.

2. Establish an audit program to
ensure that the objectives and require-
ments of system safety are attained.

3. Perform liaison with other
agencies and commands as needed to
attain system safety objectives.

4. Ensure that enough competent
persons are assigned to the system safety
engineering and management programs
to assure proper implementation of sys-
tem safety.

5. Evaluate, as part of source
selection evaluation, the ability of the
contractor to include system safety as-
pectsin the final product.

6. Establish the policy and re-
quirements to develop system safety in
sufficient detail to identify the safety and
health hazards of a system and to remove
or control them.

7. Prescribe procedures for man-
agement participation in system risk ac-
ceptance for residual hazards.
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Item/System identification:

1. Safety Evaluation Letter/Reports:

a. Safety Assessment Report:

b. Safety Analyses/Studies:

c. Development Test(s):

d. Operationa Test(s):

e. Production Test(s):

2. Item does (does not) contain radioactive materials and (if it does) is properly licensed by
(NRC # and/or DA Authorization # as appropriate).

3. Item does (does not) contain explosives/hazardous materials and (if it does) has the following

hazard classifications.a. Quantity-Distance Class:

b. Storage Compatibility Group:

c. DOT Class:

d. DOT Marking:

e. Conveyor Spacing Distance:

4. Item does (does not) contain munitions. If it does:

a. Compatibility of the following weapon/ammunition components has been established:

b. Range safety data (for inclusion in AR 385-62 or AR 385-63) was (will be) finalized

(date)

Sample format, contractor format or program tailored format may be used.

Figure 3-4 Safety and Health Data Sheet (Ref. 4)
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8. Provide system safety data
for inclusion in requirements documents.

9. Review and approve System
Safety Program Plans.

10. Provide a safety readiness
position for program milestone reviews
or documents associated with reviews,
such as Decision Coordinating Papers or
Army program memoranda.

11. Review and approve safety
verification documents.

12. Provide safety input to major
review boards, such asthe Level 1 Con-
figuration Control Board and the Mate-
riel Release Review Board.

13. Assist in safety assessments
and other reviews for fielded systems.

14. Establish indicators to meas-
ure the effectiveness of the system safety
effort.

3-9 SYSTEM SAFETY PROGRAM
PLAN (SSPP)

System safety should be consid-
ered early in any development process.
Although concept eval uation becomes
the primary focus early in the program,
system safety should be an important
factor in evaluation of the design con-
cepts. Requirements and methods
needed to ensure safety should be con-
sidered early. This can be accomplished
during all phases of development with a
well-defined SSPP. The contractor
should propose an SSPP for approval by
the Government. The SSPP is awritten
plan used to outline the steps required to
ensure the activities of system safety
engineering, system safety management,
and other disciplines and functions are
used and coordinated to guarantee sys-
tem safety. The following subpara-
graphs describe the purpose and content
of the SSPP.

3-9.1 PURPOSE

3-
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The purpose of the SSPPisto
provide a basis of understanding be-
tween the contractor and the procuring
activity asto how the System Safety
Program will be incorporated into the
development effort.

3-9.2 CONTENTS

The SSPP should define the
System Safety Program scope and ob-
jectives. Asaminimum, each SSPP
should describe the four elements of an
effective system safety program: a
planned approach to task accomplish-
ment, qualified people to accomplish
tasks, authority to accomplish tasks
through all levels of management, and
appropriate resources—both manning
and funding—to assure tasks are com-
pleted. The scopeisdescribed, and alist
of tasks and activitiesis provided.

The SSPP describes the system
safety organization or function within
the organization of the total program, the
responsibility and authority of system
safety personnel, and the staffing of the
system safety organization. In addition,
it should describe the procedures by
which the contractor will integrate and
coordinate the system safety efforts and
the process through which contractor
management decisions will be made.

The SSPP should define System
Safety Program milestones, provide a
program schedule of safety tasks, and to
preclude duplication, identify integrated
system activities, i.e., design analyses,
tests, and demonstrations, applicable to
the System Safety Program but specified
in other engineering studies.

The SSPP describes general en-
gineering requirements and design crite-
riafor safety, describes safety require-
ments for support equipment, and opera-
tional safety requirements for all appro-
priate phases of the life cycle up to and
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including disposal. It describes the risk
assessment procedures and the hazard
severity categories, hazard probability
levels, and system safety precedence that
should be followed to satisfy the safety
requirements of MIL-STD-882. It states
the quantitative and qualitative measures
of safety to be used for risk assessment
including a description of the acceptable
risk level. It describes closed-loop pro-
cedures used to take action to resolve
identified hazards.

With respect to hazard analyses,
the SSPP describes the analysis tech-
nigues and formats to be used in qualita-
tive or quantitative analysis to identify
hazards, their causes and effects, hazard
elimination, or risk reduction require-
ments and how those requirements are
met. It describes the depth within the
system to which each technique is used,
including hazard identification associ-
ated with the system, subsystem, com-
ponent, personnel, ground support
equipment, Government-furnished
equipment (GFE), facilities, and their
interrelationship in the logistic support,
training, maintenance, and operational
environments. It also describes integra-
tion of the subcontractor’s hazard analy-
ses with overall system hazard analyses.

With respect to system safety
data, the SSPP describes the approach to
be used to research, distribute, and ana-
lyze pertinent historical hazard or mis-
hap data. It identifies deliverable data
by title and number. It identifies nonde-
liverable system safety data and de-
scribes the procedures used for access by
the procuring activity and to retain data
of historical value.

The SSPP describes the verifica-
tion—test, analysis, inspection, etc.—
requirements for ensuring that safety is
adequately demonstrated. It identifies
the certification requirements for safety

devices or other specia safety features.

It describes the procedures used to en-
sure test information is transmitted to the
procuring activity for review and analy-
sis, and it provides procedures used to
ensure safe conduct of all tests.

The SSPP describes the tech-
niques and procedures of an audit pro-
gram to be used by the contractor to en-
sure the objectives and requirements of
the system safety program are being ac-
complished.

The SSPP describes the safety
training for engineering, technical, op-
erating, and maintenance personnel. It
describes the mishap and hazardous mal-
function analysis process including
alerting the procuring activity to hazard-
ous conditions.

The SSPP identifies in detail the
interface between system safety and all
other applicable safety disciplines such
as nuclear safety, range safety, explosive
and ordnance safety, chemical and bio-
logical safety, laser safety, nonionizing
radiation safety, and any others. Inad-
dition, it identifies the interface between
system safety and all other support dis-
ciplines such as maintenance, quality
control, reliability, human factors engi-
neering, medical support (health hazard
assessments), and any others.

The SSPP can be submitted as
part of a contractor’s proposal, or it can
be submitted shortly after the start of the
contract.

3-10 SAFETY ANALYSESAND
ANALYSISTECHNIQUES

Safety analyses and analysis
techniques, as described in MIL-STD-
882 and MIL-HDBK-764, are the pre-
liminary hazard analysis, the subsystem
hazard analysis, the system hazard
analysis, and the operation and support
hazard analysis. Although there are a



number of other MIL-STD-882 (Ref. 1)
tasks, such as preliminary hazard list,
health hazard assessment, test and
evaluation safety, safety verification, and
safety compliance assessment, these
tasks are not described in this handbook.

3-10.1 PRELIMINARY HAZARD
ANALYSIS

The preliminary hazard analysis
(PHA) isthefirst of aseries of safety
analyses conducted during the life cycle
of asystem or item of equipment. The
PHA isused to obtain an initial risk as-
sessment of a concept or system. PHA
effort should be started during the earli-
est phases of the program so that safety
considerations are included in tradeoff
studies and design alternatives. A care-
fully executed PHA should provide the
following information:

1. Specific potential hazardsin a
proposed system

2. The probable magnitude and
frequency of each adverse effect to a
proposed system with and without the
recommended safeguards. Thisinfor-
mation can be used in tradeoff studies of
aternatives.

3. Proposed measures to elimi-
nate or control the potential hazards

4. The safety-critical equipment
and situations upon which the designers
must focus their hazard elimination or
control efforts

5. Potential events (accidents)
that should be subjected to detailed
analysis when additional information
becomes available

6. Potential personnel errors that
can lead to accidents avoidable by de-
sign features such as interlocks, warn-
ings, and procedural instructions

7. ldentification of specific
safety essentials that satisfy require-
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ments in standards, specifications, or
similar documents

8. Notes on accidents, near
misses, and other potential safety prob-
lems uncovered during experience with
predecessor systems

9. Potential hazards whose con-
trol should be verified through specific
safety testing.

3-10.2 SUBSYSTEM HAZARD
ANALYSIS

The subsystem hazard analysis
(SSHA) identifies hazards associated
with the design of subsystems. The
analyses should include evaluation of
component failure modes, critical human
error inputs, and hazards resulting from
functional relationships among compo-
nents and equipment comprising each
subsystem. The methods involved in the
SSHA are similar to the PHA but are
focused on at the subsystem level.

As aminimum, each subsystem
should be examined. If a subsystem has
been in use for some time, it may be un-
necessary for the analysis to go below
the subsystem level because the hazards
of the subsystem have been identified
and corrective action taken. If asubsys-
tem is new and has not had prior use, it
may be necessary for the analysisto go
to the component level.

The SSHA report should provide
the following items:

1. A summary of the results

2. A list of identified hazards
that includes the information that fol-
lows:

a. Component(s) Failure
Mode(s). All failure modesthat can re-
sult in ahazard are discussed. Gener-
ally, failure modes explain “how”
something fails.
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b. System Event(s) Phase. The
mission phase of the system when the
hazard is encountered is addressed.

c. Hazard Description. A com-
plete description of the hazard is given.

d. Effect on Subsystem and/or
System. The effect of the hazard on the
subsystem should be considered. Also
the possible upstream and downstream
effects should be considered.

e. Risk Assessment. A risk as-
sessment for each hazard, as defined in
MIL-STD-882 or other documents ap-
plicable to the system, should be given.

f. Recommended Action. The
action that should be taken to eliminate
the hazard is presented. Various courses
of action should be discussed, where ap-
propriate. The recommended actions
should be in sufficient detail to be of
value to the design engineer.

g. Effect of Recommended Ac-
tion. The change in the risk assessment
that the recommended action will effect
should be discussed.

h. Remarks. Thisblock should
be used for any information, such as ref-
erences, administrative information, or
data on previous similar systems, that
has not been included in other parts of
the report.

i. Status. The status of action(s)
taken to reduce or control the hazard
should be given.

Various methods of analysis have
been devel oped to obtain the data neces-
sary for the SSHA. These include the
failure modes effects and criticality
analysis, the fault hazard analysis, the
fault tree analysis (FTA), and the sneak
circuit analysis.

3-10.3 SYSTEM HAZARD
ANALYSIS

The system hazard analysis
(SHA) is necessary to define the safety
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interfaces between subsystems and to
identify possible safety hazardsin the
overall system. Typicaly, it will de-
termine whether system hazards can be
eliminated or controlled with design
safeguards. The need for procedural
safeguards, however, should be recom-
mended only asalast resort. The SHA
isusually initiated during the early
stages of development and updated as
the system maturesin order to reflect
design changes and any new mission re-
quirements or procedures that might af-
fect system safety.

The SHA analyzes the effect that
each subsystem has on al of the others
during the normal and abnormal opera-
tion of each, but more importantly, it
analyzes the operation of the system asa
whole. The SHA should establish that
separate units and subsystems can be
integrated into a safe system. The op-
eration of one unit or subsystem should
not impair the safe performance of, or
cause damage to, another unit or subsys-
tem within the system. Because the hu-
man reactions required for normal sys-
tem operation are considered part of the
system, “human error” should be consid-
ered as a possible failure mode in the
SHA. Lastly, the environment should
have an effect on the system and must be
considered in the SHA. The value of an
SHA liesinitsidentification of

1. Interface problems

2. Dependent failure problems

3. Synergistic hazards

4. Additive hazards.

When a safety level has been de-
fined for a specific system, proof that the
design satisfies that safety requirement
can be obtained only by preparing an
SHA. Other safety analyses, studies, test
reports, experience with related systems,
and program data, such asreliability re-



ports, provide useful support of the
SHA.

3-10.4 OPERATION AND SUPPORT
HAZARD ANALYSIS

Operation and support hazard
analyses (O& SHAs) are methods by
which designers and analysts can evalu-
ate the prescribed (and possible alterna
tive) operation and maintenance proce-
dures, foresee potential problems, and
take corrective action.

There are two types of O& SHA,
i.e., procedure analysis and contingency
analysis. The procedure analysisisan
evaluation of the adequacy of the various
types of operating procedures. The con-
tingency analysisis astudy of opera-
tional situations that could develop into
emergencies and ways to prevent these
situations from happening. Each method
can be applied equally well to al types
of operation.

Most of the considerationsin a
procedure analysis O& SHA will gener-
aly review

1. The procedures by which the
equipment will be used or could be mis-
used

2. The consequences of material
or procedural human failures

3. The means by which the con-
sequences and failures can be mini-
mized.

A contingency is considered to
exist if asystem isnot in anormal op-
erating state and conditions are such that
an accident might occur unless correc-
tive action is taken immediately. This
definition assumes that

1. Thereis some corrective ac-
tion that can be taken.

2. Thereistimeto take correc-
tive action before an accident occurs.

The contingency analysis should
be conducted for any materiel that could

3-

18

15 AUG 96
ROTORCRAFT AND AIRCRAFT QUALIFICATION

become involved in an accident. Even
minor items might be improved through
small design changes suggested by a
contingency anaysis. In addition to
equipment redesign, the contingency
analysis may also suggest changesto the
operating procedures and the devel op-
ment of emergency procedures.

3-11 SAFETY CONSIDERATIONS
IN NEW TECHNOLOGY

New technologies present unique
system safety challenges because by
their very nature little experience in their
use has been collected and analyzed.
The historical database is therefore
lacking in determining safety aspects of
new technologies. Thisfact highlights
the need for thorough analysis and test-
ing of new technologies prior to their
incorporation into systems.

As afirst example, consider the
situation of a new composite material
used in an air vehicle. The curing proc-
ess might result in the release of hazard-
ous materials during the manufacturing
process, during normal use, in the course
of maintaining or repairing the material,
or during a postcrash fire. A subsystem
hazard analysis would identify the new
material as presenting such a potential
hazard and would lead to the develop-
ment of corrective actionsto minimize
the hazard.

As another example, consider a
software programmable bus network
controller that allows the transfer of data
between electronic subsystems on an air
vehicle. A latent “bug” in the control
software might cause the loss or delay of
critical information needed by another
subsystem. An SHA would identify the
bus network as a critical interface be-
tween subsystems and would underscore
the need for thorough analysis and
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evaluation of the proper functioning of
the bus software.

Finally, consider an artificial in-
telligence (Al) or expert system onboard
an air vehicle. The system processes
threat information from various sensors
and provides the pilot with recom-
mended course information to navigate
safely among the threat systems. Erro-
neous advice from such asystem due to
unforeseen contingencies could have
disastrous effects. A properly conducted
O& SHA would provide the mechanism
for formally assessing contingencies,
analyzing their impact on the system,
and providing recommendations for cor-
rective actions.

Software system safety deals
with developing safety requirements for
the system and the software within the
system, ensuring accurate translation of

safety specification requirementsinto the

design and code of the software, identi-

fying software that controls or influences

safety-critical hardware functions, ensur-
ing that the actual coded software does
not cause identified or unidentified haz-
ardous functions to occur or inhibit de-
sired functions, and ensuring safety de-
sign requirements are thoroughly tested.
The requirements for software system
safety are delineated in MIL-STD-882.
Procedures for conducting safety analy-
ses of software are described in MIL-
HDBK-764.

3-12 SAFETY TESTS

Safety tests should be incorpo-
rated into appropriate test plans. When
approved by the procuring activity, par-
tial verification of safety characteristics
or procedures may be demonstrated by
laboratory test, functional mock-ups, or
model simulation. The detailed test
plans for all tests should be reviewed to
ensure that

3-19

1. Safety, asdefined in there-
guirements documents, is demonstrated
adequately.

2. Thetesting will be carried out
in asafe manner.

3. All additional hazards intro-
duced by testing procedures, instrumen-
tation, test hardware, etc., are properly
identified and minimized.

3-13 FLIGHT SAFETY PARTS
(FSP) PROGRAM

The Flight Safety Parts (FSP)
Program is intended to provide enhanced
life cycle management and control of
parts critical to the safe operation of air
vehicles. The governing document for
flight safety parts policy isUS Army
Aviation Systems Command
(AVSCOM) Regulation 702-7, Flight
Safety Parts Program Management,
(Ref. 5).

The process of identifying and
controlling FSPs should be atotal life
cycle activity. Because an FSP program
generally remains critical throughout its
life cycle, aprogram should be estab-
lished to address identification and con-
trol of FSPs from development through
procurement, production, and final dis-
position. The procuring activity (PA)
should establish a program for FSPs.
The PA should require that the air vehi-
cle and engine contractors include man-
agement and control of FSPs as part of
their overall program plan.

In general, the process of identi-
fication of FSPs should be based pri-
marily on engineering judgment. Also
past experience on similar systems and
hazard analyses should play avital role
in the process. Theintent isto identify
each item that might create a critical
condition in terms of safety or loss of the
end-item if the part breaks, malfunctions,
or ismissing during use. Once an item



is designated as an FSP, the appropriate
engineering drawings should be updated
to identify all critical characteristics.
FSPs should also be identified in all
overhaul, repair, and maintenance publi-
cations.

A critical characteristic isany
feature throughout the life cycle of an
FSP, such as dimension, tolerance, fin-
ish, material or assembly, manufacturing
or inspection process, operation, field
maintenance, or depot overhaul require-
ment that if nonconforming, missing, or
degraded, could cause the failure or mal-
function of the FSP. Critical character-
istics determined during the manufactur-
ing process are termed “ manufacturing-
critical” characteristics. Critical charac-
teristics that are not introduced during
the manufacture of a part but are critical
in terms of assembly and installation,
e.g., proper torque, are termed
“installation-critical” characteristics.

One of the most important as-
pects of the FSP program should be the
control of critical characteristics. Con-
trol means those actions and techniques
that receive special consideration and
attention to detail, e.g., manufacturing
and assembly procedures, frozen plan-
ning, certification of special processes,
intensified inspection and verification
procedures, recordkeeping and mainte-
nance, traceability audits, vendor con-
trol, and nonconformance control. Once
apart has been identified as an FSP,
there are severa key elements that
should be used for its control:

1. All critical characteristics
should be identified by the designers.
Technical drawings and data packages
(if any) should be updated to show the
FSP and highlight its critical character-
istics.

2. The planning documents by
which the part is manufactured and
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quality inspected should be approved by
a“high-level” interdisciplinary board to
ensure proper controls arein placeto
maintain the critical characteristics.
Once approved, the procedures should
be “frozen” and should not be changed,
varied, or waived. Only aformal
change, again approved by the board,
should constitute any change in proce-
dure.

3. All critical characteristics of
the FSP that can be nondestructively in-
spected and tested should receive 100%
inspection by qualified inspectors for
every part manufactured. Parts having
critical characteristics that require de-
structive testing, i.e., strength of mate-
rial, heat treatment, etc., should be tested
on the basis of statistical samples taken
from every lot and every batch. A sam-
ple should be tested from every lot and
batch without exception.

4. Manuals, including depot
maintenance work requirements
(DMWRs) should be revised as needed
to include the critical characteristics. No
repair or overhaul action should be
permitted to deviate from the drawing
specification for the critical characteris-
tics. These documents are typically pre-
pared by a contractor and submitted for
Government approval.

Acceptance of parts that do not
conform to the specified critical charac-
teristics should not be authorized
through actions of the Materiel Review
Board. If possible, parts may bere-
worked to satisfy the specifications, or
requirements, given on the drawing.
Requests for waivers of and deviations
from critical characteristics should be
classified as major or critical and should
be submitted for Government approval
on acase-by-case basis. Any change of
the critical characteristics usually re-
quires reexamination of the product,
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retest, or engineering analysis of the part
and process before it is considered.

A description of the procedures
to identify, qualify, maintain records,
monitor, and dispose of FSPs may be
found in the subparagraphs that follow.

3-13.1 IDENTIFICATION OF
FLIGHT SAFETY PARTS

The process of identifying candi-
date flight safety parts should be primar-
ily one of risk management involving
engineering judgment and experience.
This process should include review of
drawings, materials, loads, flight spec-
trum, fatigue analyses, reliability analy-
ses, form, fit, and function, installation
requirements, and failure data. The cri-
teria that follow should be used to iden-
tify flight safety-critical aircraft parts:

1. Airframe. Any part whose
failure or malfunction affects the safe
operation of an air vehicle is a candidate
for an FSP. Fina selection of an FSP
should be considered if Item aand any
other of Items b through e are affirma-
tive:

a. Primary failure or malfunction
affects the safe operation of the air ve-
hicle.

b. A part has apredicted or
demonstrated finite life.

c. A 10% reduction in laboratory
working strength would result in an un-
limited life becoming afinite life.

d. Lossof function could occur
because of improper assembly or instal-
lation.

e. Fabrication of the part in-
volves a manufacturing process that, if
performed improperly, has a high prob-
ability of changing material properties
significantly, i.e., degrading the strength
of the part.

2. Engine. AnFSP for engine-
type partsis defined as any part, assem-
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bly, or installation containing acritical
characteristic whose failure, malfunc-
tion, or absence could cause an undi-
rected engine shutdown or a catastrophic
engine failure resulting in loss or serious
damage to an air vehicle or seriousin-
jury or death to the occupants. Engine
FSP identification should be based on
assessment of potential associated risk
using hazard severity and probability of
occurrence as discussed in MIL-STD-
882, System Safety Program Require-
ment, (Ref. 1).

3-13.2 FLIGHT SAFETY PARTS
QUALIFICATION

To assure continuous availability
of the product, FSP vendors should be
qualified in advance of procurement ac-
tions. Vendor qualification provides a
means for early completion of long,
complex, or expensive tests, such asfa
tigue and flight tests, some of which
would otherwise be required after each
award and without any insurance that the
vendor’ s parts would be acceptable.
Typicaly, aQualified Product List
(QPL) isused to record al qualified
vendors from whom FSPs can be pro-
cured. Vendors should qualify by
meeting the test requirements, such as
fatigue, interchangeability, and endur-
ance, for each FSP. The requirements of
establishing a QPL, testing, etc., aredis-
cussed in DoD 4120.3-M, Defense Stan-
dardization Program Policies and Pro-
cedures, (Ref. 6). Qualification of FSP
vendors should include but not neces-
sarily be limited to the demonstration of
FSP critical characteristics. Engine FSP
vendors might not be required to dem-
onstrate full-life limits due to cost and
other constraints. Engine endurance
testing and low cycle fatigue testing plus
spin-pit testing could be used to demon-
strate a portion of part lifein lieu of



demonstrating the full life. Alsoanin-
creased level of quality assurance should
be required for all FSPs even if previ-
ously qualified. See par. 3-13 for 100%
inspection requirements, waivers, and
deviations.

3-13.3 FLIGHT SAFETY PARTS
RECORDS

All flight safety parts should be
given a serial number whenever possi-
ble. Otherwise, lot or bag and tag pro-
cedures should be substituted. All
manufacturing or inspection process
control requirements relating to the
flight safety part should be traceable to
the time and location of production. Re-
cords should provide the traceability re-
quired to enable after-the-fact verifica
tion of all aspects of material, manufac-
ture, special processing, assembly, and
inspection of critical characteristics.
These special records alow the rapid
recall of fielded suspect flight safety
partsif a deficiency in manufacturing or
processing is encountered. Typically,
these records are required to be kept by
the manufacturer or delivered to the
Government for retention until the last
part in the record is removed from serv-
ice.

3-13.4 FLIGHT SAFETY PARTS
SURVEILLANCE

The FSPs Surveillance Program
should include aformal process for
sampling all FSPs on arecurring basis.
The surveillance effort should use data
obtained from the FSP Program for the
following purposes:

1. To confirm the validity of re-
quirements used during the initial design
and qualification of FSPs

2. To monitor the effects of use
on parts to demonstrate that replacement
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and overhaul intervals are adequate and
safe relative to actual use

3. To assess new parts continu-
aly to ensure minor design and manu-
facturing changes do not affect FSPsin a
detrimental manner

4. To confirm degraded mode
limits or effects due to wear, corrosion,
fretting, and damage

5. To ensure that repair proce-
dures do not degrade the critical charac-
teristics

6. To determine the impact on
FSPs of any previously unknown or
known degraded conditions

7. To ensure that processes are
adequate to control time-related internal
procedures of previously approved ven-
dors (if any) and that new vendors are
not impacting the integrity of the FSPs

8. To ensure that undefined
changesin rotorcraft usage, new envi-
ronments, or long-term effects do not
impact the integrity of FSPs.

3-135 FLIGHT SAFETY PARTS
DISPOSITION

Flight safety parts that have been
removed from service because they fail
inspection criteria, fail in service, or
whose life limit has been reached should
be destroyed to preclude the inadvertent
reinstallation of the part or its remanu-
facture. Thisextraeffort isnecessary
because the reuse of such parts could
lead to failures resulting in unsafe op-
eration of the air vehicle. Air vehicle
development programs should have a
disposition clause to control flight safety
parts and prevent installation of noncon-
forming FSPs on production units.
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CHAPTER 4

This chapter presents typical requirements for technical reviews, data, and
documentation necessary to support the qualification of rotorcraft and other air vehicles.
Information on technical reviews include program progress reviews, preliminary and critical
design reviews, flight and firing readiness reviews, software reviews, special technical
reviews, and integrated product team reviews (IPTs). Data and documentation requirements
are provided for component, subsystem, and system qualification.

4-1 INTRODUCTION

Technical reviews , data and
documentation form the basis for
presenting the status and results of the
airworthiness qualification process. They
are the means by which the contractor
conveys to the Government the technical
characteristics of the item under
development or modification. By the same
token, Government review and comments
to contractor reviews, data, and
documentation are the vehicle for the
Government to present its assessment of
the contractor's qualification activities.
This chapter addresses the various types of
reviews that might be required; however,
integrated product team (IPT ) reviews are
preferred, see Department of Defense
Regulation No. 5000.2-R, Mandatory
Procedures for Major Defense Acquisition
Program (MDAPs) and Major Automated
Information System (MAIS) Acquisition
Program, (Ref. 1).

4-2 CONTRACT DATA

Contract data include such things as
test plans, test reports, technical analyses,
specifications, drawings, and other reports
that are generated during the development
process and delivered to the Government as
acontractual requirement. These data
serve severa functions, including
configuration control, documentation of
test results, and provide the basis for
reprocurement. The data may be

informative only, or for review, approval,
or other action.

4-21 REQUIREMENTS

Proposed data requirements should be
established by an Integrated product team
(IPT). Only the minimum data needed to
permit cost-effective support of research,
development, production, cataloging,
provisioning, training , operation, training,
maintenance, and related logistics
functions over the life cycle of the item
should be acquired.

TABLE 4-1 provides a
representative sample of data items that
may be required to support a qualification
effort. Thistableis arepresentation of a
management tool only, and does not
pertain to any specific program. The table
shows the reference in the airworthiness
gualification plan (AQP) which requires
the preparation of the data, a description of
the data, areference to the data item
description (DID) (subparagraph 4-2.2), the
submittal requirements for the data, and the
form in which the datais to be presented.

4-2.2 DATA ITEM DESCRIPTIONS
The DID is aredefined description

for a specific type of data, and it specifies

how the datais to be prepared and

presented. DoD 5010.12.1, The

Acquisition Management Systems and

Data Requirements Control List (AMSDL),

periodically updated, (Ref. 2) provides a

list of Office of Management and Budget
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(OMB) cleared current data item control number 0704-0188
descriptions that have been assigned OMB
TABLE 4-1
TASK-DATA MATRIX
AQP Para Data Description DID Submittal Form
Requirements
1541 Airworthiness DI-CMAN- 60 MAC Hard copy and MS-Word
Qualification Spec 80008A Disk
(AQS)
1552 Specifications DI-E-1104A 90 DAC Hard Copy
6.2.5.2 NBC Contamination DI-MISC- FF Hard Copy
Survivability Final 80711
Report
6.3.1.1 Test/Ingpection DI-NDTI- 60 DAT Hard Copy
Reports 80809A
6.3.1.2. Scientific and DI-MISC- As Required Hard Copy
Technical Report 80711
6.3.8.2 Electromagnetic DI-EMCS- 120 DAC Hard Copy
Interference Test Plan | 60201A

is the portion of contract that identifies the

MAC Morihs after contract award specific data that the contractor should
D With Draft Proposal

DAC Days after contract award
DAT Days after test

F With Final Proposal Flight

M Monthly

The AMSDL isused to find DIDs by
identification number, title, and subject
matter. Requests for individual DIDs or
the AMSDL will be honored from military
activities, Government agencies, private
industry, and individuals.

prepare and submit as part of its effort
under the contract. The CDRL contains
the reference number and title of the data
item being procured; the DID (paragraph 4-
2.2) number; and areference to the portion
of the contract (usually a statement of work
or system specification) that requires the
generation of the dataitem. In addition,

The formal and contractual the CDRL includes administrative data
mechanism for the Government to require such as the Government office of primary

the preparation and submittal of datais technical responsibility of the submittal;
through the Contract Data Requirements location for performance of Government
List (CDRL), DD Form 1423. The CDRL inspection and approval; frequency of

4-2.3 CONTRACT DATA
REQUIREMENTS
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submittal of the data; and the number of
copies and required medium for submittal.

Continuous Acquisition and Life-
cycle Support (CALS) (previousy known
as Computer-Aided Acquisition and
Logistics Support) is the Department of
Defense (DoD) effort to migrate from a
manual, paper-intensive defense system
operation to an integrated highly automated
acquisition and support process. Based on
modeling efforts reflected in the current
CALS Architecture Study, the Director of
Defense Information created the DoD
Enterprise Model to depict the activities
and data needed to accomplish the defense
mission. CALS will expand the
architecture to include the bridge linking
DoD with industry and international
participants. CALS will aso define the
infrastructure required to integrate DoD
and industry databases into one logical
weapon system database - referred to asthe
Integrated Weapon System Database
(ISWDB). A key initiative supporting this
goal is optimization of information
technology and the construction of a
National Infrastructure - "Information
Superhighways." All new contracts should
require on-line access to, or delivery of,
their programmatic and technical datain
digital form, unless analysis shows that
life-cycle time or life-cycle cost would be
increased by doing so, DoDR 5000.2-R,
(Ref. 2).

4-3 CLASSIFIED AND
CONTROLLED DATA

Classified dat aand its' related
requirements are discussed in the
subparagraphs which follow.

4-3.1 CLASSIFIED DATA

Classified data isdatathat the US
Government has determined to be of such a
nature that its uncontrolled release would

be detrimental to US security interests.
Requirements for safeguarding classified
data are described in paragraphs 4-3.1.1
and 4-3.1.2 for Army and contractor
activities, respectively.



4-3.1.1 Army Requirements

AR-380-5, Department of the Army
Information Security Program, (Ref. 3) is
the Army's implementation of the
requirements for information security . It
establishes a system for classification,
downgrading, and declassification of
information requiring protection in the
interest of National security. It contains
policy and procedures for safeguarding
such information and provides for program
oversight and administrative sanctions for
violations. Specific topics addressed
include classification, declassification and
downgrading, marking of information ,
safekeeping and storage, access,
dissemination, accountability, disposal and
destruction, security education, foreign
Government information, special access
programs, program management, and
safeguarding Joint Chiefs of Staff papers.
Key to determining the classification of
technical data of a program is the security
classification guide for that program. The
guide is a document issued by an
authorized original classifier that
prescribes the level of classification and
appropriate declassification instructions for
the information.

4-3.1.2 Industrial Requirements
Executive Order 12829, National
Industrial Security Program, (Ref. 4) and
DoD 5220.22-M, National Industrial
Security Program Operating Manual, (Ref.
5) establish the requirements for
safeguarding classified information
provided to industrial, commercial, and
educational institutions under the
provisions of aDoD Security Agreement
(DD Form 441). These documents provide
specific information as to whom will have
access to classified information, how that
information is to be shipped, stored, and
disposed of, and the record keeping
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activities required for classified
information. In addition to the
requirements of these DoD publications,
each organization that has classified
information safeguarding responsihilitiesis
required to establish and follow its own
"standard practice procedures’ (SPP) that
take into account the organization's
specific situation. Further, organizations
that use computers for processing classified
information are required to develop and
implement an Automated Information
System (AlS) addendum to the SPP.

4-3.2 CONTROLLED DATA

The Congress declared it to be the
policy of the United States to use export
controls to the extent necessary to restrict
the export of goods and technology that
could make a significant contribution to the
military potential of any other country or
combination of countries that would prove
detrimental to the national interests.
Controlled data isthat type of datawhose
distribution is limited and requires specia
handling but yet whose content does not
warrant marking it as classified data.
Sengitive test reports that may reveal
critical characteristics of a weapon system
are an example of such controlled data.
Controlled data should have an appropriate
distribution statement as provided for in
DoD Directive 5230-24, Distribution
Statements on Technical Documents,
(Ref. 6) on such data.

4-4 APPLICABLE DOCUMENTS
Documents that are included in a
contract, specification, plan, or other
requirement's document by reference are
referred to as applicable documents.
Tiering from one specification or standard
to another is discouraged. All
requirements should be tailored to the
performance needs and should be clearly
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specified in the contract. The use of
government specifications and standards
should be minimized if not eliminated.
Use of widely available commercial
standards, such as ASTM, ANSI, FARs,
|IEE, SAE, etc., should be encouraged.

4-5 PROGRAM PLANS

The purpose of program plansisto
provide aroad map for determining how
the qualification effort isto be
accomplished. Program plans belong to
the Project, Program, or Weapons System
Manager (PM) and are to be used by the
PM to manage program execution
throughout the life-cycle of the program.
Program plans are a description of the
detailed activities necessary to carry out
program strategies. The PM, in
coordination with the PEO, determines the
type and number of program plans. Three
or more plans might be required, such as an
integrated program plan, airworthiness
gudification plan, and atest and evaluation
master plan (TEMP). Data generated in
performance of the work required by these
plans is submitted in accordance with
CDRL requirements. A brief description
of each of the aforementioned plans
follows:

1. Integrated Program Plan - The
integrated program plan should provide a
road map for the entire project. It should
define the following:

a. Integrated product team -
Intended use of product teams. Number of
teams and their purpose. Contractor
support and participation in Government
integrated teams.

b. System Safety - abasis of
understanding between the contractor and
the procuring activity as to how system
safety requirements will be incorporated
into hardware, software, and operating
instructions and procedures.

c. Reliability - abasisof
understanding between the contractor and
the procuring activity as to how reliability
performance requirements, reliability
growth requirements, reliability tests, and
reliability data will be identified,
incorporated, accomplished or collected.

d. Human Factors - scope and
obligation of the contractor to meet human
factors performance requirements and
obtain human factors data.

e. Maintainability - abass of
understanding between the contractor and
the procuring activity as to how
maintainability performance requirements
will be identified, and demonstrated.

f. Other - abasis of understanding
between the contractor and the procuring
activity as to what other engineering
activities, such as configuration control,
producibility , transportability,
weaponization, advanced quality system,
etc., are required for execution of the
contract.

2. Airworthiness Qualification Plan
- An airworthiness qualification plan
should be prepared by the procuring
activity and included in the request for
proposal or request for quotation. An
integrated product team approach should
be used for preparing the plan. This plan
should provide genera guidance on
engineering analyses, design reviews.
safety assessments, contractor
demonstrations, and all contractor and
Government qualification tests considered
essential to defining and implementing the
procurement of any major Army air
vehicle, magjor modification, and its allied
equipment. This genera information than
will provide the basis for an airworthiness
qualification specification which should be
prepared by the contractor.

3. Test and Evaluation Master Plan
- planning document used to generate



detailed test and evaluation plans to
ascertain schedule and resource
implications. The TEMP should provide a
road map for integrated simulation, test,
and evaluation plans, schedules, and
resource requirements necessary to
accomplish the test and evaluation
program.

4-6 TECHNICAL REVIEWSAND
AUDITS

The PM decides how the programis
to be managed. The PM may choose to
have formal or informal periodic reviews,
or could rely on continuous integrated
product team reviews. Also, the PM could
rely on the contractor to propose the type
of reviews and auditsto be used. The
agenda for these reviews should be
coordinated between contractor and
government representatives several weeks
prior to the meeting. Meetings should not
only provide for Government oversight;
but, should aso provide insight. The
objectives and typical requirements of the
following type reviews will be discussed in
this paragraph:

Program Progress Reviews

Preliminary Design Reviews

Critical Design Reviews

Flight Readiness Reviews

Firing Readiness Reviews

Special Technical Reviews

Software Reviews

Configuration Audits

Technical Interchange Reviews

Integrated Product Team Reviews

4-6.1 PROGRAM PROGRESS
REVIEWS

A Program Progress Review isa
periodic review conducted by the
contractor to present the status of the
development program. It isat thisreview
that Government representatives gain
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knowledge of the overall progress of the
contractor's activities. The contractor
should describe the status of his design
effort in terms of the number of drawings
and specifications released versus a
projected release schedule. The program
progress review should include but not be
limited to a system requirements review
(SRR) where the system/segment
specification (SSS), the proposed computer
languages, and processing hardware
architecture are reviewed; and also a
system design review (SDR) where the
system/segment design document (SSDD)
and a preliminary software requirements
gpecification (SRS) are reviewed.
Estimates of software lines of code written
versus projections should also be
presented. The results of analysis work to
substantiate that design requirements will
be met may be discussed. Asthe
development effort progresses, the
contractor would typically present test
results and planned testing activities. It is
at these reviews that problems are
identified either by the contractor or
Government representatives and that
potential solutions are discussed and
reviewed in subsequent meetings. The
frequency of these reviews and the specific
topics covered are strongly dependent on
the stage of developments.

4-6.2 PRELIMINARY DESIGN
REVIEWS

The preliminary design review
(PDR) isaformal review of the basic
design approach for a configuration item or
afunctionally related group of
configuration items. It is conducted after
the development specifications are
developed. During the PDR, specid
attention is directed toward interface
documentation, high risk areas, long lead
times, and system level trade studies that
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integrate preliminary design concepts.
Software and hardware PDRs have the
same objectives and are conducted in a
similar manner, but may address different
issues related to the qualification process.
The objectives of these one time formal
reviews could also be satisfied by
integrated product team reviews.
Qualification relevant data and issues to be
addressed at a hardware PDR include:

1. A preliminary design synthesis
that shows that the selected design will
meet its development specification
requirements

2. Theresults of tradeoff studies
that show the aternatives considered for
the design and the basis for the selection of
the proposed approach

3. Functiona flows, requirements
alocation and tractability data, and
schematic diagrams

4. Layout drawings showing the
functional relationships between elements

5. Analyses showing the results of
environmental
control and thermal design aspects

6. Analyses showing proper
consideration of
electromagnetic compatibility aspects of
the design

7. Power distribution and
grounding aspects of the preliminary
design, including power regulation and
compatibility between power generation
and utilization equipment

8. Preliminary mechanical and
packaging design of consoles, racks,
drawers, printed circuit boards, and
connectors

9. Safety engineering
considerations

10. Security engineering
considerations

11. Survivability and vulnerability
(including nuclear, biological, and

chemical as well as signatures and
crashworthiness) considerations

12. Design margins - cycle
margins, memory margins,

13. Preliminary lists of materials,
parts and processes

14. Built-In-Test

15. Reliahility , availability, and
maintainability
data, including failure modes and effects

16. Weight and balance status

17. Development test data

18. Interface requirements

19. Instrumentation interfaces and
requirements for flight test telemetry

20. Development schedule

21. Mock-ups, models,
breadboards, or prototype hardware when
appropriate

22. Producihility and
manufacturing considerations

23. Value engineering
considerations

24. Transportability, packaging,
and handling considerations

25. Human engineering and
biomedical considerations

26. Standardization considerations

27. Description and characteristics
of commercially available equipment

28. Existing documentation for
commercialy available equipment

29. Dataprocessing hardware , e.g.,
microprocessors, programmable array logic
(PAL), programmable logic devices (PLD),
and gate arrays to be provided with the
System

30. Review considerations
applicable to computer resource hardware
items as appropriate, e.g., MiCroprocessor,
non-volatile memory (NVM), and
application specific integrated circuits
(ASIC).

31. Lifecycle cost analysis

32. Armament compatibility



33. Corrosion prevention/control
considerations

34. Status of Quality Assurance
Program

35. Support equipment
requirements
Typical issues to be addressed at a software
critical design review (CDR) include:

1. Functiona flow

2. Storage alocation data

3. Control function description

4. Computer Software
Configuration Item structure

5. Built-In-Test

6. Security considerations

7. Reentrance considerations

8. Computer software development
facilities

9. Relationship between the
computer software
development facility and the operational
system

10. Software development tools

11. Software test tools

12. Maintenance and upgrade
interfaces, requirements, and techniques

13. Description and characteristics
of commercially available computer
resources

14. Existing documentation for
commercialy available computer resources

15. Software support resources

16. Operation and support
documents

17. Softwarerelated CDRL items

18. Supplementa data(e.g.;
software files, procedures) required for use
with the “ make-from” hardware device
should be documented.

Firmware has both hardware and
software parts separately handled at the
applicable PDRS. The memory portion of
firmware is usually referred to an
embedded memory. Firmware is defined
as software that has been implemented in
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hardware using memory devices such as
read only memory (ROM), programmable
ROM (PROM), erasable PROM
(EPROM), and electrically erasable PROM
(EEPROM). These devices, and other
similar devices which are genetically
referred to as integrated circuits, allow
software to be permanently implemented
and not easily changed.

4-6.3 CRITICAL DESIGN REVIEWS

The Critical Design Review is
conducted prior to the release for
fabrication or production in the case of
hardware or prior to the initiation of coding
in the case of software. During the CDR,
the detailed design for each configuration
item is disclosed in the form of a draft
product specification (Type C) and related
engineering drawings. The approved
detailed design from thisreview serves as a
basis for final production planning and
often initial fabrication. In the case of
software, completion of the CDR initiates
the development of source and object code.
A primary objective of the CDR should be
to insure the qualification requirements
will be met. The objectives of these one
time formal reviews could aso be satisfied
by integrated product team reviews. For a
hardware CDR, the following issues are
typically addressed:

1. Adequacy of the detail design as
reflected in the draft hardware product
specifications in satisfying the hardware
development specification requirements.

2. Adequacy of the detailed
engineering drawings for the hardware
configuration item, including schematic
diagrams.

3. Adequacy of the detailed design
in the following areas:

a. Electrical design

b. Mechanical design
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c. Environmental control and
thermal design aspects

d. Electromagnetic compatibility

e. Power generation and grounding

f. Electrical and mechanical
interface compatibility

g. Mass properties

h. Survivability and vulnerabili ty
(including nuclear, biological, and
chemical, as well as signatures and
crashworthiness considerations)

4. Interface control drawings

5. Mock-ups, breadboards, and
prototype hardware

6. System allocation document

7. Initial manufacturing readiness

8. Preliminary value engineering
change proposals

9. Lifecycle costs

10. Detail design information on all
firmware

11. Verification that corrosion
prevention and control considerations are
compatible with the operating environment

12. Status of quality assurance
program.

At the CDR for systems that
incorporate software, the following
deliverables would be reviewed for
accuracy and suitability:

1. Software detailed design data,
data base design, and interface design
documents

2. Supporting documentation
describing results of analyses and testing

3. System alocation document

4. Progress on activities required
by the PDR

5. Schedules for remaining
milestones

6. Updates of software related
CDRL items.

4-6.4 FLIGHT READINESSREVIEWS

Flight readiness reviews are
conducted prior to first flight, prior to any
subsequent flight for which the
configuration of the air vehicle or software
has significantly changed, and prior to
conducting flight test activities which have
not been covered in previous flight
readiness reviews. The objective of the
review isto ensure that al airworthiness
and qualification relevant issues have been
addressed and that the hardware and
software are sufficiently mature to warrant
proceeding with flight testing. Data
required for presentation at flight readiness
reviews includes (yet, is not limited to
include) analysis data, results of design
support test, component design and
gualification data, subsystem design and
gudification data, and system design and
qualification data, operating procedures,
limitations and restrictions, software
version descriptions for flight critical
processors, modeling complete, and
remaining hazard analysis for software and
hardware. See integrated product team
reviews.

The nature of the data and degree of
detail of data presented at the flight
readiness review must be such that they
will support the anticipated contractor
flight releases and/or airworthiness
releases. Seeintegrated product team
reviews.

4-6.5 FIRING READINESSREVIEWS
Firing readiness reviews are
conducted to ensure that the system
hardware and software are sufficiently
mature to allow safe weapons firing.
Included as afiring readiness review isthe
pre-first-live-firing weapon firing review.
Thisreview is conducted before the first
live firing. Qualification datato be
presented include missile or projectile
trajectory and structural clearance



information, weapon firing modes, firing
inhibits for specific flight conditions,
clearance, jettison analysis or jettison
results, ripple firing effect on engine
performance, firing impact zone safety
footprint, susceptibility to electromagnetic
radiation emitters, ordnance compatibility
information, weapon system excursion
limits, primary and emergency weapon
stores jettison information, provisions for
protecting the crew from weapon gases,
and blast pressure distribution information.
The nature of the data and degree of detall
should be such that they will support the
anticipated weapon firing activities to be
authorized by the contractor flight releases
and airworthiness releases. Additional
firing readiness reviews should be
conducted when the proposed firing tests
differ sgnificantly from those approved by
previous firing readiness reviews. See
integrated product team reviews.

4-6.6 SPECIAL TECHNICAL
REVIEWS

Special technical reviews may be
conducted any time that such reviews are
necessary for the proper progress of the
gudification program. For example, in
order to support his design activities, the
contractor may have decided to build a
mock-up for the purpose of identifying and
demonstrating interface requirements
between subsystems. The most expedient
way for the Government to review the
results of the mock-up activities may be to
attend a special technical review convened
for that purpose. Asanother example, a
specific technical problem may arise which
would require a specia technical review to
be conducted. The contractor would
present the problem and possible
alternative solutions. Government
reviewers would discuss the situation and
implications on technical, schedule, cost,
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and contractual issues and provide
direction or guidance as necessary. Asa
last example, a backlog of data may have
occurred which precludes the conduct of a
test event until the dataisreviewed. The
most efficient and expedient way to resolve
the problem may be for the Government to
review the backlogged data at a special
technical review. Seeintegrated product
team reviews.

4-6.7 SOFTWARE REVIEWS

In addition to the software PDRs
and CDRS, software also undergoes
software specification reviews (SSRs),
SDRS, and software Test Readiness
Reviews (TRR). The SSR is aformal
review of computer software configuration
item (CSCI) requirements as specified in
the software specifications. The purpose of
the SSR is to review the software and
interface requirements stated in the
software requirements specification (SRS)
and the interface requirements
specification (IRS) for completeness and
tractability to the system specification.
The TRR isaformal review of readiness to
begin formal CSCI testing. The purpose of
the software TRR isto confirm that the
computer software configuration itemis
ready for formal qualification testing. See
integrated product team reviews.

4-6.8 CONFIGURATION AUDITS

A configuration audit is an audit
conducted against a configuration itemto
ensure that it meets requirements. Two
types of configuration audits could be
conducted, the functional configuration
audit (FCA) and the physical configuration
audit (PCA). The objective of the FCA is
to verify that the configuration item's
actual performance complies with its
hardware development or software
requirement and interface requirements
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specifications. Test data are reviewed to
verify that the hardware or computer
software performs as required by its
functional or allocated configuration
identification. For configuration items
developed at Government expense, an FCA
is aprerequisite to acceptance of the
configuration item. For software, a
technical understanding is reached on the
validity and the degree of completeness of
the software test reports, and, as
appropriate, computer system operator’ s
manual, software user’ s manual, computer
system diagnostic manual, computer
resources integrated support document,
upgraded operation and support documents,
software programmer’ s manual, and
firmware support manual.

The PCA is the formal examination
of the as-built version of the configuration
item againgt its design documentation in
order to establish the product baseline. As
aresult of acquisition reforms, the
contractor is totaly responsible for the
physical configuration. Except for
validation of technical manuals , the
procuring activity will not typically
perform a physical audit. The contractor
should be required to update the technical
manuals, anytime the physical
configuration changes. For software, a
technical understanding is reached on the
validity and the degree of completeness of
the software test reports, and, as
appropriate, computer system operator's
manual, software user's manual, computer
system diagnostic manual, computer
resources integrated support document,
upgraded operation and support documents,
software programmer's manual, and
firmware support manual.

4-6.9 INTEGRATED PRODUCT TEAM
(IPT) REVIEWS

The objectives of the
aforementioned reviews could be satisfied
on acontinuous basisby IPTs . The
Secretary of Defense has directed that as
many functions as possible, including
oversight and review, should be performed
using IPTs, DoDR 5000.2-R, (Ref. 1).
|PTs are cross-functional teams that are
formed for the specific purpose of
delivering a product for an external or
internal customer. These IPTs should
function in a spirit of teamwork with
participants empowered and authorized, to
the maximum extent possible, to make
commitments for the organization or the
functional areathey represent. IPTsare
composed of representatives from al
appropriate functional disciplines. IPTs
operate under the following broad
principals:

1. Open discussions with no
Secrets.

2. Quadlified, empowere d team
members

3. Consistent, success-oriented ,
proactive participation

4. Continuous “ up-the-line”
communications

5. Reasoned disagreement

6. Issuesraised and resolved early

4-7 COMPONENT DESIGN AND
QUALIFICATION DATA

This paragraph describes the design
and qualification data applicable at the
component level. The contractor istotally
responsible for the physical design.
Normally, qualification involves a review
of performance, interface, safety, and the
various“ Itities’ , such asreliability and
maintainability, via analysis and test
reports. Engineering drawings are also
useful for this purpose but not aways
essential. Performance and interface
specifications are preferred for new



procurement and for procurement of
commercially developed components,
reference chapter 5, subparagraph 5.11.1.
Widely available commercial
specifications and standards which satisfy
the government’ s preference for
performance based specifications are also
acceptable. 1n those cases where the
Government must pay for development of
the design, the Government typically is
entitled to full rightsin data; hence,
procurement of engineering and
manufacturing drawings or computer aided
design and manufacturing data should be
considered. Contractor’ sform and format
is usually acceptable. Also, the contractor
could remain the repository for this data.
Except for reprocurement of an identical
component, performance and interface
verification data should be required for all
components. The data should define all
design specific performance requirements,
all asintegrated and as installed
characteristics, and all key functional and
physical attributes to be measured.
Further, a software requirements
specification might be needed for
embedded software, etc. Logistics
considerations usually dictate the type of
data and required rightsin data. For the
case of contractor logistics support, only
qualification data should be required.

4-7.1 STANDARD AND QUALIFIED
PARTSDATA

For standardization purposes, a
program establishes its Program Part
Selection List (PPSL). The PPSL is
generally established and managed by the
contractor, but may be approved by the
government. Itemson the list are approved
for use in the design provided that they
meet the performance and interface
requirements of the system. Aslong asthe
part usage is consistent with its original
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qualification criteria, the part may
generally be used in the design without
additional qualification requirements. The
PPSL becomes the governing document for
part selection for the subject contract in
order to control the scope of total parts
population, compress the variety of part
types, and to direct contract and
subcontract designers to approved parts.
The contractor could be required to submit
their list for Government review.

4-7.2 STRUCTURAL COMPONENTS
DATA

Paragraph 4-7 d efines the type of
data which should be required. Structural
performance criteria should be defined in
terms of mission, crashworthiness, and
dynamic performance requirements. Also,
the PA should require demonstration of
compliance by means of analysis and test
reports. Structural analysis should include
material composition, heat treatment
characteristics, finish characteristics, and
geometric shape. Also, tensile strength,
modulus of elasticity, fatigue life, modulus
of rupture, shear strength, endurance limit,
compressive strength and hardness should
be included, as applicable. In contrast to
most metals, composite materials exhibit
structural characteristics which are strongly
dependent on the direction of the applied
load. In describing composite material
characteristics, it is necessary to specify
the direction of the applied load with
respect to the directional characteristic of
the material. Analysis may include
determination of the loadings that are
critical to the component, and
substantiation of the structural adequacy.
Structural component testing may include
fatigue testing, failure mode testing, and
ultimate strength testing.
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4-7.3 ENGINE AND DRIVE TRAIN
COMPONENTSDATA

Paragraph 4-7 defines the type of
data which should be required. Engine and
drive train components include as
examples, gears, bearings, shafts,
couplings, clutches, housings, turbine
blades, compressor blades, discs, nozzles,
seals, combustors, ignitors, and fuel
controls. Component qualification data
describing these components may be in the
form of performance specifications,
analyses, and reports. Examples of bearing
characteristics are static load carrying
capacity (radial and trust), dynamic load
capacity, life, efficiency, friction, and
speed rating. Examples of gear
characteristics are load capacity, mesh
ratio, contact ratio, backlash, surface
durability, lubrication requirements, and
hardness. Shafts are characterized by their
ability to withstand combined bending and
torsional stresses which may either be
steady, variable, or a combination of the
two. Lubrication characteristics, cooling
and wear tests, gear patterns, and power
limits are all applicable to engine and drive
train components.

4-7.4 HYDRAULIC-PNEUMATIC-
FUEL SYSTEMS COMPONENTS
DATA

Paragraph 4-7 defines the type of
data which should be required. Hydraulic
pneumatic, and fuel systems share the
common characteristics of pressurized
fluids. Examples of components which
comprise these systems include tubes,
pipes, hoses, fittings, valves, couplers,
pumps, fans, accumulators, and filters.
These components, as part of subsystems,
are used to actuate controls, deliver fluids
such as fuel and lubricants, and to provide
environmental control. Component
qualification data used to describe these
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components typically include schematics
and diagrams, and test and analysis reports.
Examples of information included as part
of the data are working pressure or vacuum
(the pressure or vacuum at which the
component is designed to operate), fluid
compatibility (the types of fluids which

will come in contact with the component),
fire resistance (the temperature and
pressure conditions at which the fluid will
ignite), ballistic tolerance (the degree to
which the component can withstand an
impact from a projectile), and grounding
requirements (the necessity to electricaly
connect components to avoid electrical
potential differences between components).
Filters separate unwanted contaminants
fromafluid. They are characterized by
flow rate (the amount of fluid which can
pass through the filter per unit time), clean
pressure drop (the pressure difference
which the filter presents to fluid moving
through it), cold surge (pressurerise at start
up when cold), its contaminant
effectiveness (the size and fraction of
particles in the case of particle
contamination or the amount of
contaminant such as water in the case of
non particle filtering which the filter can
separate from the fluid), the contaminant
load capacity, and the bypass
characteristics.

4-75 ELECTRONIC COMPONENTS
DATA

Paragraph 4-7 defines the type of
data which should be required. Also,
descriptions from manufacturers data
books along with industry and military
specifications and standards provide a
description of the operation of the parts
along with appropriate hints and warnings.
Electronic and schematic diagrams show
the logical layout. Timing diagrams show
critical timing requirements. Truth tables



combined with the logic diagrams and
timing diagrams describe the output states
of alogic device based on itsinput states.
MIL-HDBK-175, Microelectronics Device
Data Handbook, (Ref. 7) and
MIL-HDBK-978 , NASA Parts and
Application Handbook, (Ref. 8) present
detailed information on the characteristics
of electronic devices. These handbooks
address basic process and design
considerations, system design
considerations, testing, specifications and
procurement, along with the reliability and
physics of failure.

Typical electronic components are
asfollows:

1. Linear passive components -
resistors, capacitors, thermistors, inductors,
crystals, delay lines, and electromagnetic
interference (EMI) filters

2. Semiconductors - transistors,
diodes, thrusters, and transorbs

3. Microelectronics - integrated
Circuits, microprocessors, memory devices,
comparators, and amplifiers

4. Interconnect hardware - wire,
cable, terminal blocks, connectors, plugs,
and sockets

5. Electromechanical components -
switches, relays, solenoids, and motors

6. Hybrid and printed circuit
assemblies .

Examples of terms which are used
to define these devices are as follows:

1. Electronic characteristics , e.g.,
voltage and current levels (power supply
requirements, input and output signal
levels, and switching thresholds),
impedances (resistance, capacitance, and
inductance), frequency information
(frequency response and frequencies of
operation), transient response times, time
delays, signal distortions, and noise level
generation and suppression.
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2. Thermal characteristics - power
dissipation, junction to case thermal
resistance, and ambient junction
temperatures

3. Packaging characteristics -
hermeticity, thermal expansion, mounting,
size, weight, and strength

4. Reliability characteristics -
fallure rates, testing levels, and rating
requirements

5. Handling - electrostatic
discharge, storage, and soldering

6. Environmental requirements -
temperature range, cooling, electrical
loading, fanout, impedance, and timing.

4-7.6 OPTICAL COMPONENTSDATA

Paragraph 4-7 defines the type of
data which should be required. Examples
of optical components are lenses, mirrors,
prisms, lasers, and detectors.

Lenses and mirrors are
characterized by their effective focal
length, effective entrance and exit
apertures, aberration characteristics,
wavelength or wave band of interest, and
transmission percentage. Lenses depend
upon the index of refraction principle for
shaping and bending of rays. The lens
material, however, has absorption
characteristics that are wavelength
dependent. Mirrors and lenses usually
have optical coating for minimizing light
reflections or transmission. In addition to
diffraction effects, which broaden focused
light to a defined blur circle in lenses and
mirrors instead of a point, optical
aberrations, such as spherical, coma,
astigmatism, and chromatic aberration,
cause degradation to image resolution and
contrast. A lens designer will balance
aberration reduction against satisfying
design specifications. The terms used here
are defined and pictorially represented in
any good lens design textbook.
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Prisms are used to bend light into
specified angle but not focusit. Angles of
reflection and transmission in the prism are
controlled by the accuracy of angle
fabrication and quality of coatings.

Laser design uses optics - mirrors
and lenses to build cavity interferometers.
Lasers can use crystal, diode, gas, or
organic liquids to produce stimulated
radiated emission. Terms used to define
laser characteristics are wavelength, beam
divergence, power output, pulsed or
continuous wave, and pointing control of
the beam.

Detectors convert optical radiation
into electronic signals or images by the
pyroelectric, photo conductive or photo
voltaic, etc., effect. Detectorsare
wavelength dependent and combinations of
detector systems can detect optical
radiation from the new ultraviolet (0.3
micron) through the long wave infrared
(0.8 micron and longer). Characteristics of
detectors include signal to noise (SIN),
noise equivaent power (NEP), or net
equivalent temperature (NET),
instantaneous field-of-view (IFOV),
electrical bandwidth (BW), optical
respongitivity (R), and D-star performance.

4-7.7 FLIGHT SAFETY PARTSDATA
Detail specifications and
engineering drawings might be required for
flight safety parts. Critical characteristics
and the procedures necessary to ensure that
these critical characteristics have been
achieved should be identified. Commercial
specifications and standards may be used
in lieu of detailed military specifications
and standards, unless no practical
alternative exists to meet the user’ s needs.
The data should define all design specific
performance requirements, all as integrated
and as installed characteristics, and all key
functional and physical attributes to be
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measured. For additional information see
Chapter 1, paragraph 1-5.2.5.

4-7.8 MATERIALSDATA

Relevant information for materials
and processes are usually used in the
design and construction of Army air
vehicles can be found in ADS-13, Air
Vehicle Materials and Processes, (Ref. 9).
The design standard addresses the general
material dataincluding: material
properties, corrosion protection
requirements, temperature effects,
minimum gauge of materials, fracture
toughness, characteristics of stedl,
aluminum, magnesium aloys, organic
meaterials, fiber reinforced materials,
transparent materials, lubrication
requirements, materials used for
survivahility , radioactive materials, and
process selection. The contractor should
be totally responsible for design and for
satisfying the performance requirements of
the specification. For additional
information concerning materials and
testing, see Chapter 7.

Relevant information pursuant to
the establishment of data basis for
composite material properties and design
allowables can be in Chapter 7, paragraph
7-6, and also in ADS-35, Composite
Materials for Helicopters, (Ref. 10). The
design standard addresses materia property
requirements, generation of material
allowables, design considerations, and
control of processing. Specific topics of
discussion include:

1. Physical properties : description,
material content, density, glass transition
temperature, moisture absorption,
flammability resistance

2. Mechanical properties : tensile
properties, compressive properties, flexural
properties, fatigue properties, creep



properties, damage tolerance, and bearing
strength

3. Chemical properties :
environmental resistance,
solvents/cleanerg/air vehicle fluids

4. Thermal properties : thermal
expansion coefficients, thermal
conductivities, heat capacity/specific heat,
thermal/oxidative stability, thermal
mechanical stability, thermal transitions

5. Electrical properties : dielectric
constant, dielectric strength, dissipation
factor, surface resistivity/volume
resistivity.

Materials datais often required to

support documentation requirements of a
process specification (Chapter 5).

4-8 SUBSYSTEM DESIGN AND
QUALIFICATION

Datarequired at the subsystem level
should be basically the same as that
described for components in paragraph 4.7.
These specifications, analyses, test plans,
and test reports should include diagrams,
etc. Subsystem survey data may be used as
the basis for analysis in qualitative and
relational assessments and as the basis for
derivation of pass/fail criteriathat cannot
be directly measured. Under specified
conditions, formal demonstration of
gualification characteristics provides a
basis for subsystem description data.
Relevant information needed for
performing a detailed analysis of the
performance, handling qualities, rotor
dynamics, airframe dynamics, and
acoustics of a proposed new development
or derivative air vehicle can be found in

ADS-10, Air Vehicle Technical Data, (Ref.

11). The design standard addresses the
following:

1. Air vehicle dimensional data -
drawings, tabulated dimensions, and areas
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2. Description of the rotor system -
rotor data, radial distribution of blade
properties

3. Airfoil section data

4. Airframe aerodynamic data -
aerodynamics of the fuselage, drag
buildup, stability and control derivatives

5. Rotor structural dynamics data -
blade mode shapes, data for ground
resonance model

6. Airframe structural dynamics
data- airframe modal data, description of
airframe mounted absorbers and isolators

7. Aerodynamic surface data -
surface 3-dimensional force and moment
data, rotor wake aerodynamic interference

8. Control system data - system
description, control travel, cockpit to
swashplate linkages, swashplate to blade
linkages

9. Propulsion and drive system
data- system performance losses.

4-8.1 ENGINE, TRANSMISSION, AND
DRIVE SUBSYSTEMS,

The type of data required for
engines, transmissions, and drive
subsystems should be basically the same as
that described for components in paragraph
4.7, except that subsystem description and
gudification data should include:

1. Propulsion system schematic
drawings showing the functional
arrangement, location, and identification of
all pertinent components of the subsystems
and elements: lubrication, fuel, air
induction, cooling, power transmission,
auxiliary power, engine inlet anti-icing
filtering or particle separator, accessory
drives, firewalls, infrared radiation
suppression, exhaust, controls, and smoke
abatement. For turbine engines, areport of
the calculation of duct losses should be
submitted with the induction system
schematic drawing. An analysis of the
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propulsion system cooling and exhaust
systems should be submitted, showing
temperature and pressure design limits for
fuselage and components, required airflow,
and heat generation. These analyses
should be submitted with schematic
drawings of these systems.

2. Propulsion system installation
drawings, excluding fuel and oil tanks,
detailing the location, mounting, vibratory
isolation, and access for inspection and
maintenance of al systems and elements:
engine, auxiliary power plant, fuel,
lubrication, air induction, cooling, starting,
propulsion controls, engine inlet anti-icing,
filtering or particle separator, accessory
drives, infrared radiation suppression,
power transmission, and smoke abatement.
For power transmission systems, including
gearboxes, drawings also will include
lubrication system, bearings, and gearing;
typical views of transmission housing
including mounting provisions; typical
cross sections and details of clutch
mechanism, free-wheeling devices, rotor
brake, shafting and shaft supports, and
torque-limiting devices.

Relevant information for propulsion
system ground and flight surveys and
demonstration requirements can be found
in ADS-1B-PRF, Rotorcraft Propulsion
System Airworthiness Qualification
Requirements, Ground and Flight Test
Surveys, (Ref. 12). Relevant information
concerning the preparation and submittal of
test reports can be found in ADS-50-PRF
(Ref. 14).

Relevant information to assist in the
definition of technical data required
Propulsion System Technical Data for air
vehicle technical proposals can be found in
ADS-9,, (Ref. 13). This document
includes the requirements for system
analyses such as stress, fatigue, cooling,
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torsiona stahility, and dynamic and
diagnostic system analysis.

Relevant information pursuant to
defining the gas turbine engine
performance characteristics, ratings, and
performance can be found in ADS-50-PRF,
Rotorcraft Propulsion Performance and
Qualification Requirements and_Guideline
(Ref. 14). Typical data requirements can
be found in ADS-25, Engine Performance
Data,
(Ref. 15).

4-8.2 FUEL AND OIL SUBSYSTEM S 4-
8.2 FUEL AND OIL SUBSYSTEMS

The type of datarequired for fuel
and oil subsystems should be basically the
same as that described for componentsin
paragraph 4.7, except that installation and
schematic diagrams should also be
required. Analyses for the fuel subsystem
should include; but, not necessarily be
limited to include capacity, flow rates,
transfer rates, vulnerability, and fuel feed
capabilities. Additional datafor externa
tanks should include analysis of transfer
rates, and jettison capabilities. Datafor the
oil subsystem and oil distribution
subsystem should include analyses of the
flow, filtering, cooling, and lubricating
capabilities. Maintenance data should be
provided for the fuel and oil system. This
should include the requirements and
procedures for purging the fuel system
using nitrogen inerting systems.

Aerid refueling subsystem (as
tanker and/or receiver) data should include
refueling capability data such as aerial
refueling envelope of atitude versus true
airspeed, fuel transfer rate versus pressure
at the reception coupling or receiver
nozzle; weight and balance related
information, and tanker package and
component descriptions.



4-8.3 ROTOR, PROPELLER, AND
PROPROTOR SUBSYSTEMS

The type of datarequired for rotor,
propeller, and proprotor subsystems should
be basically the same as that described for
components in paragraph 4.7, except that
installation and schematic diagrams should
also berequired. Relevant information on
describing rotor, propeller, and proprotor
subsystems can be found in ADS-10 (Ref.
11). Further, the reports required for
gudification should include structural
analyses, flutter and divergence analysis,
aeroelasticity analysis, and performance
analysis. Model, wind tunnel, and tower
test data should be provided to support
these analyses. For aternative tail rotor
equivalent thrust systems, special data may
be required. This may include theory of
operation, specia limitations, wind tunnel
results, and flight test data.

4-84 HYDRAULIC AND PNEUMATIC
SUBSYSTEMS

The type of data required for
hydraulic and pneumatic subsystems
should be basically the same as that
described for components in paragraph 4.7,
except that installation drawings
schematic diagrams , and a detailed
description of flow distribution, filtering,
pressure, and maintenance requirements
and capabilities may also be required.
Hydraulic applications primarily include
flight control and utility functions.
Pneumatic applications may include such
functions as engine starting, auxiliary
utility systems, and emergency backup
systems. In addition, analyses should be
required to document safety, maintenance,
and vulnerability characteristics and
performance. The data should be
sufficiently detailed to substantiate that
performance requirements have been
achieved.
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4-85 LANDING GEAR

The type of data required for
landing gear subsystems should be
basically the same as that described for
components in paragraph 4.7, except the
following should also be required:

1. A general arrangement drawing
of the landing gear, showing the side view
elevation relationship of landing gear to
fuselage structure, and to the most forward
and most aft center of gravity (CG)
locations.

2. Three-view drawing(s) of the
main and auxiliary gear showing principal
members. If the gear isretractable, it
should be shown in the fully extended and
retracted positions, and the most critical
clearance dimensions of the wheel well
between structural members and other
equipment should be identified. The
principal members of the gear should
include outlines of the shock strut, drag
brace, tension strut, torque arms,
jackpoints, towing and tiedown fittings,
wheels (and brackets, if used), retraction
and extension linkages, actuators, shrink
linkages, steering and/or shimmy damper,
uplocks, and downlocks. Wheel and tire
toe-in and/or camber angles in relation to
the axle or strut should be indicated.
Outline of door linkages should be shown
in relation to gear linkages and functions.
Type of material and heat treatment
information should be listed or indicated
for al principal members of the gear.

3. Nose steering, towing, and
turnover angle drawing, consisting of a
plan view showing the tread and wheel
base of landing gear and distance between
dual wheels; maximum nose steering angle
and corresponding minimum turning radius
about the main gear; maximum auxiliary
gear swivel-angle for towing using towbar
and minimum turning radius about the
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main gear; and turnover angle with the
most critical CG location.

4. Tiedown arrangement drawing,
consisting of a plan view showing the
complete tiedown configuration;
attachments to rotorcraft gear; fuselage,
wing, and tall fittings; and angles
extending to ground tiedown points

5. Air vehicle jacking drawing,
showing location of jacks and air vehicle
jackpoints, including al fuselage and/or
wing points, and wheel axle and/or strut
points

6. Landing gear design report

7. Landing gear specification or
specification control drawings, as
applicable, for the wheel tire

a. Noseor tail wheel

b. Nose or tail whedl tire

c. Nose shock strut

d. Nose gear steering and shimmy
damper

e. Solid tail and/or bumper wheel

f. Bumper wheel tire

g. Main wheel and brake assembly

h. Main whed tire

i. Main wheel shock strut

J. Anti-skid brake control system

k. Main and nose gear actuators

| Ski installations and/or
emergency flotation gear

m. Rotor brake

n. Steering and damper.

4-8.6 ELECTRICAL SUBSYSTEMS

The type of data required for
electrical subsystems should be basically
the same as that described for components
in paragraph 4.7, except that the following
data should also be required:

1. AC and DC electrical load
analyses. Information pursuant to this
purpose can be found in MIL-E-7016
Analysis of Aircraft Electrical Load and
Power Source Capability, (Ref. 16).

Specific analyses that should be performed
are:

a. Preliminary load analysis , which
should form the basis for selecting power
generation equipment and for design of
generation and distribution system

b. Intermediate load analyses
incorporating significant load or power
source changes subsequent to the submittal
of the preliminary load analysis

c. Fina corrected load analysis
which should be marked "Final Corrected"
and will include all changes incorporated
in the complete air vehicle. If no changes
have been made to data previoudly
submitted, a new cover sheet should be
submitted stating no changes have been
made. The values entered in this analysis
should be measured values.

2. Wiring diagrams showing
sufficient equipment internal circuitry to
alow for understanding the system
function. A brief description of any system
or equipment not having readily
recognizable operating functions should be
included with the following diagrams:

a. Preliminary wiring diagrams ,
consisting of both elementary, single-line
functional diagrams and schematic
functional diagrams of the power
distribution and lighting systems

b. Master wiring diagrams ,
consisting of installation schematic wiring
diagrams giving information of
interconnection of components. This
should include identification of wires,
connectors, junction points, terminal
blocks, and equipment. Information
pursuant to the selection of wire and cable
isgivenin Appendix A of
MIL-W-5088, Aerospace Vehicle Wiring,
(Ref. 17). Also, information pursuant to
for assigning significant wire identification
codesis provided in Appendix B of
MIL-W-5088.



3. General arrangement drawings
of the electrical equipment installation
showing the location of al mgjor items of
electrical equipment

4. Exterior light installation
drawings showing location and visibility
characteristics. Relevant information can
be found in MIL-L-6730, Aircraft Exterior
Lighting Equipment, (Ref. 18).

5. Nonstandard electrical
equipment specifications and substantiating
data. Relevant information can be found in
MIL-STD-7080 Selection and Installation
of Aircraft Electronic Equipment, (Ref.
19).

6. Cooling requirements for
electronic and avionics systems.

7. Specific information on the
electrical subsystem should be included in
the following electrical subsystem design
documents (ESDDs):

a. Preliminary ESDD (prior to
electrical hot bench testing):

(1) Complete descriptions and
diagrams that identify al source capacities
(under al conditions) and al possible
distribution configurations. Automeatic and
manual electrical subsystem monitoring
and control of air vehicle and ground
power source.

(2) Specific circuit identification
and details including, normal and peak
power consumption, wire size, all
protective and switching devices between
each load and its normal power bus, and
the proposed grounding, types and ratings
of all protective and switching devices.

(3) Fault current (magnitude and
duration) estimates for all sources and the
current capacity of all bus feed and bus-tie
contractors in series with those sources.

b. Final ESDD (subsequent to
electrical subsystem hot bench testing): In
addition to final revisions of the
information identified in the preliminary
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ESDD, the final ESDD should include test
data from the electrical hot bench testing.
The testing should include, but not be
limited to, smulated fault conditions and
measurements of the fault current
magnitude and duration for al possible
fault conditions. Test results should verify
the performance of all fault protection in
the electrical subsystem including the
source protection, bus feed, and bus-tie
contractors. In addition, hot bench test
data should verify that the power quality is
in accordance with

MIL-STD-704, Aircraft Electrical Power
Characteristics, (Ref. 20) for al
operational conditions of electrical
subsystem (normal, abnormal, and
emergency). Basicaly thisisa
performance and interface standard;
however, awaiver isrequired to cite this
standard.

4-8.7 AVIONIC SUBSYSTEMS

This category of equipment
includes electronics associated with
communications, navigation, crewstation
controls and displays, aircraft survivability
equipment, radar and visionics equipment,
antennae, data buses and bus controllers,
central processors, flight instruments, and
the myriad of other air vehicle subsystems
that have electronic boxes dedicated to
special functions, such as secure voice and
tempest controlled systems. Tempest isan
unclassified short name referring to
investigation and studies of compromising
emanations. This refers to unintentional,
intelligence bearing signals that, if
intercepted or analyzed, will result in
disclosure of national security information
transmitted, received, handled, or
otherwise processed by any information
processing system. It is sometimes used
synonomoudly for the term compromising
emanation, e.g., tempest tests and tempest
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inspections. The type of data required for
avionic subsystems should be should be
basically the same as that described for
components in paragraph 4.7, except that
the following may also be required:

1. Genera arrangement drawings
of equipment installations showing the
location of al major items of electronic
equipment and their interconnections

2. Drawings, schematics, interface
control drawings, and performance datain
sufficient detail to substantiate that the
performance and interface requirements
have been achieved.

3. Antenna system drawings
schematics, interface control drawings, and
performance data in sufficient detail to
substantiate that the design requirements
have been achieved

4. Test plans and test reportsto
substantiate the environmental
qualification of the electronic equipment.
Guidelines for environmental testing are
provided in MIL STD-810, Environmental
Test Methods and Engineering, (Ref. 21)

5. Test plans and test reports to
substantiate the electromagnetic
environmental effects (E3) qudlification of
the electronic equipment

6. Classfied plans and test reports
as needed for qualification of secure voice
and other tempest controlled systems

7. System safety and hazard
analysis data

8. Software data as applicable

9. Genera quadlification assurance
and operational readiness data

10. Survivahility data, as
applicable

11. Radome engineering data,
defining the radome and its characteristics,
including overall transmissibility curves,
boresight shaft characteristics, radar
tracking noise, effects of equipment
located in or affixed to the radome, and the
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changes to electrical characteristics
resulting from radome heating

12. Navigation engineering datato
determine navigation equipment
performance in terms of accuracy for both
piloting and weapon delivery functions.
Also, datato describe overall navigation
equipment architecture, interfaces with
other air vehicle systems, expected
accuracy for each navigation mode, error
budgets for various sensor inputs, and
algorithms used to integrate the various
sensor inputs, (e.g., use of Kalman filter ).
Data might be classified or restricted.

13. Air datatypicaly include total
pitot pressure, static pressure, air density,
dip angles, and temperature to validate
accuracy of various equipment receiving
pitot static directly or through an electronic
air data conversion. These data may be for
analysis of atmospheric effects on overall
performance, i.e., navigation accuracy

4-8.8 CREWSTATIONSDISPLAYS
AND CONTROLS

The type of data required for
crewstation displays and controls should be
basically the same as that described for
components in paragraph 4.7 and avionic
subsystems in subparagraph 4-8.7, except
that layout drawings, human engineering
analyses, subsystem modeling data, and
subsystem functional descriptions should
also berequired. Information pursuant to
gudification can be found in MIL-STD-
250, Aircrew Station Controls and
Displays for Rotary Wing Aircraft, (Ref.
22) and
MIL-STD-1472, Human Engineering
Design Criteria for Military Systems,
Equipment, and Facilities, (Ref. 23). For
multifunction displays , additional
description characteristics include
character size, display modes, display
brightness and contrast control data



necessary to substantiate that the displays
will be visible in al specified lighting
conditions. Virtual cockpit helmet data
should include display characteristics, mass
properties of the helmet, and helmet
tracking system accuracy. Voice
interactive systems should include any
special learning requirements for the
system to adapt to the wide range of voice
characteristics of potentia users, and the
vocabulary range and resulting actions of
the system. For pilot's associate systems,
descriptions of functions and the basis for
the system's decision making should be
described. Special training or learning
required by the system should also be
provided.

Air vehicle interior lighting
characteristics should be described in terms
of schematic and layout drawings, function
descriptions of lighting switches and
controls, and luminance and illuminance
measurements. Information pursuant to
establishing performance and validation
requirements for air vehicle interior
lighting can be found in MIL-L-85762,
Aircraft Interior Lighting, Night Vision
Imaging System (NVIS) Compatible,

(Ref. 24).

4-89 CREWSTATIONSEQUIPMENT
The type of data required for
crewstations equipment should be basically
the same as that described for components
in paragraph 4.7, except that the contractor

should also furnish drawings of all seat
assemblies and installation for crew and
passengers, and litters for medical
evacuees. |f applicable, these drawings
should show range of adjustment and
include al safety belt, shoulder harness, or
other restraint installations and controls;
parachute provision take-up mechanisms or
devices, tracks; catapults or rockets
motors, rails, operating gear, stabilizing,
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and other components or subassemblies
required for gectable seats. The sequence
of emergency escape operations using the
gjectable seats should be indicated.
Further, the following additional data may
be required to support subsystem
gualification:

1. Heating and venti lating system
installation drawings and data

2. Therma insulation installation
drawings

3. Cabin pressurization installation
for pressurized
air vehicles, including heating, cooling,
and ventilating provisions

4. Engineering data for air-
conditioning and pressurization systems
which cover the air vehicle profile should
include an air supply for coolin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>